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IV B. Chro n ic Respiratory Effects in Humans 
The medical examination of traffic officers stationed at the Holland r. ; ' ; ' v: 

--.;r ;. : ■ ; 

Tunncll in New York has provided an opportunity to determine the effects of _ i 


chronic exposure to 70 ppm carbon monoxide. Sievers et al . ( 1942 ) examined ,. 

156 such officers and failed to find any evidence of injury to health that was 3 :;: 

attributable to carbon monoxide exposure. There were no signs or symptoms v 

" ■’ 

of respiratory abnormalities. Other reports of elevated carbon monoxide 
level's in highway tunnels have appeared, but the clinical examination of the 
traffic officers has not been included (Braja and Trompeo, 1964; D'Arca et al . ■%. / 
1964; Miranda et al ., 1967; Yamate and Matsumura, 1968). 

Astrup et al . (1968) and Klausen et al . (1968) exposed 8 male subjects to 
inhalation of 0.5% carhoxyhemoglobin, resulting in a blood level of 10 %. 

There were no changes in ventilation, circulation or metabolism. . 
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. . . summary .’ - 

I» Introductory remarks . The literature on carbon monoxide has been 
reviewed to determine its role in cigarette smoking. A total of 3,,500 articles 



dealing with carbon monoxide were examined, half of them appearing between 
1966 and 1972, and bibliographies of these are appended to this report. The 
present status of the interrelationships between cigarette smoking and carbon 
monoxide is summarized in the following paragraphs by listing a number of 
generalizations that are grouped into 3 categories: statements that are 
■.generally agreed upon or accepted, those that are unsettled or controversial, 
and those on which no information is available. 

II. Carboxyhemoglobin blood levels and cigarette smoking . There is 
general agreement that cigarette smoke contains carbon monoxide and that a 
detectable amount of carboxyhemoglobin is present in the blood of habitual 
smokers. However, the amount of the carboxyhemoglobin content is 
unsettled and misquoted. The overall mean level for 30 investigations 
comprising 2,054 subjects is 3.76% saturation in the blood collected 4 to 12 




hours after the last cigarette. In 21 of these investigations nonsmokers were 

compared with habitual smokers; the net difference was a mean of + 2.19%, 

indicating that the blood of habitual smokers contained this amount more than 

that of nonsmokers. Immediately after smoking one or more cigarettes, the 

*• 

mean peak level is 5.26%. The phenomenon of "passive smoking" has been 
examined. The highest level reported for passive smokers was 3.3% for .■ 
nonsmokers in a room (170 cu m) with a carbon monoxide concentration of 
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30 ppm from the consumption of 9.5 cigarettes for each of 11 smokers during 
a period of 2 hours. • 

There is no information on the carboxyhemoglobin that smokers sustain 
throughout a 24-hour period. The level before smoking and the peak level after 
Smoking give the range, but what is needed is an integrated level for the 24-hour 


period. 




• v III. Sources of carbon monoxide. There is agreement that the blood of 

'■ -• •< ' • • ...... - 

nonsmokers contains carboxyhemoglobin derived from endogenous and exogenous 
sources. The latter include vehicular exhaust, which is a major source of \ 
carbon monoxide. Of the 26 investigations of blood levels in ncnsmokers, the 
overall mean for 1,662 subjects was 1.45% carboxyhemoglobin and this may increase 
two- or fourfold, depending on the level of air pollution^ The combination of 
exposure to vehicular traffic and tobacco smoking causes a further elevation of 


carboxyhemoglobin approximately equal to the sum of exposure to each. The 

• o V. • •’ • 

peak blood levels for 446 subjects had an overall mean of 6.8%. The consequence 

* ••• * ' -v. ". <M - •• . ' \ 

of this combined exposure to carbon monoxide is unsettled . The effect on the 


. subjects may also be the outcome of exposure to lead, ozone, hydrocarbons and 


nitrogen oxides from vehicular exhaust. 
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IV. Respiratory system. There is general agreement that acute exposure ' 
producing a blood level of . ' 

to carbon monoxide/up to 10% carboxyhemoglobin does not influence respiratory 

minute volume, diffusing capacity or mechanical properties of the lung in healthy 

subjects. Chronic exposure of tunnel traffic officers to 70 ppm for several years 

■ . ■ ... . " . • ••• • •• . 

does not influence respiration. The controvcrsial areas are as follows: The 


mm 
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effect of cigarette smoking on patients with chronic lung disease includes an 




elevated carboxyhemoglobin level and reduction in pulmonary diffusing capacity. 

That carbon monoxide per se causes disturbance of lung function has not been 

proven in animals. Exposure of dogs to a mixture of 8 to 14% carbon monoxide 
air did not produce ;■ 

in/ ’ " .ultrastructural changes, but exposure of rats produced v: - 

swelling of alveolar epithelial mitochondria and nucleoplasm. There is %£%£%*''' 

no information on ultrastructural changes in primates which will help resolve ; k; -'f' 

differences in species. • •. .Vi" 

V. Circulatory system . It is generally agreed that acute carbon monoxide 

poisoning produces abnormalities in the electrocardiogram and myocardial 

lesions. Acute exposure to carbon monoxide, resulting in 10% carboxyhemoglobin 

saturation, does not influence heart or cardiac output. There are several 

unsettled claims. That the carbon monoxide content of cigarette smoke causes 

coronary heart disease has not been proven in animals. On the contrary, 

exposure of dogs to 100 ppm carbon monoxide for 14 weeks did not produce any 

exaggeration of the myocardial infarction that was experimentally induced by 

coronary embolization. A retrospective study of patients in Los Angeles did ; ' 

not show a relationship between carbon monoxide levels and the occurrence of .y 

acute myocardial infarction. There is no information on the role of carbon 

monoxide contained in cigarette smoke in provoking an anginal attack. The r‘V' 

investigation comparing cigarette smoking with exposure to vehicular traffic 

included several constituents. A more direct approach is to compare cigarette 

of carbon 

smoking with inhalation/monoxide to obtain equivalent levels of carboxyhemoglobin 
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in the same subject. The increase in capillary permeability induced in human fe:-. 
subjects exposed to carbon monoxide alone needs to be compared with exposure i ’ 
to cigarette smoking. . 

The development of arteriosclerosis by carbon monoxide is another ; ;v 

controversial area. The positive evidence is based on animals fed with 
cholesterol that develop arteriosclerosis following chronic exposure to carbon ' 
monoxide. However, examination of individuals who have been exposed to an 
environment of up to 1,000 ppm with blood levels of 2 to 26% carboxyhemoglobin 
for an average duration of 10.5 years did not reveal any early onset of Ji';-. • 

arteriosclerosis. One possible explanation of the difference between short-term ' 
exposure of animals and long-term exposure of humans is the development of --Vk :V 
tolerance to carbon monoxide in the latter. No information is available on 
development of tolerance to carbon monoxide associated with cigarette smoking. 

VI. Nervous system. There is general agreement that acute carbon 
monoxide poisoning causes lesions of cerebral blood vessels, eye and visual 
pathway's, auditory system and brain. There is also agreement that the ' 

* ’ -*’••• •...*• - .v. 

following effects appear with carboxyhemoglobin levels of 5 to 10%: impairment ’' 
of critical flicker fusion frequency and alteration of psychomotor abilities." : 

No information is available as to the effect of inhalation of carbon monoxide at-* 




the same carboxyhemoglobin levels as that associated with cigarette smoking. 

VII. Other organ systems . There is general agreement that acute carbon 
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monoxide poisoning causes disturbance of renal function, the endocrine system 
and the musculo-skeletal-dermal system. In pregnancy, carbon monoxide is 
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I. INTRODUCTORY REMARKS 
In recent years there has been increasing concern as to the 
harmful effects of carbon monoxide released as an air pollutant. The 
importance of cigarette smoking as a source of carbon monoxide has beqn 
recently stressed. This review is an attempt to clarify the role of carbon 
monoxide in cigarette smoking. The relationship will be analyzed in terms 
• of carboxyhemoglobin blood levels and their influence on the respiratory, ' 
circulatory, nervous, renal, reproductive, endocrine and musculoskeletal . 
systems. ■ 

At the outset it is pertinent to summarize the present state of : ' ' 

knowledge relating to carbon monoxide in general and to carbon monoxide 
in cigarette smoke in particular. The information is summarized in the 
following publications: . 

a. The toxicity of carbon monoxide has been reviewed by Sayers and 
Davenport (1930), Killick (1940), Lilienthal (1950), Root (1962) and Theodore : j 
et al . (1971). These review articles have appeared at intervals of a decade 
apd do not include the cigarette smoke as a source of carbon monoxide. i 

b. The importance of carbon monoxide as an air pollutant has been 
reviewed by Goldsmith (1964), Kaye (1965), Finck (1966), Giever (1967), 

Goldsmith and Landaw (1968), Beard (1969), Leclerq and Proteau (1970), ; ^ ; 

Casarett (1971) and Jech (1972). These reviews appearing at yearly intervals 
emphasize the origin of carbon monoxide poisoning from sources other than 
cigarette smoking. /t.y’v. 

? •, ;,a 3j$ 
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c. A symposium entitled "Biological Effects of Carbon Monoxide, 11 
edited by R. F. Coburn, appeared in 1970. Most investigators active in 
carbon monoxide research participated in this meeting. There is one article 
relating to cigarette smoking as a source of carbon monoxide (Lawther and 
Cummins, 1970). 

d. Government agencies have released three documents concerning 
regulation of carbon monoxide levels. The National Academy of Science and '"'If: 
the National Academy of Engineering have jointly released "Effects of 


Chronic Exposure to Low Levels of Carbon Monoxide on Human Health, 
Behavior, and Performance" in 1969; the Environmental Health Service has 
released "Air Quality Criteria for Carbon Monoxide" in 1970; and the National 
Institute for Occupational Safety and Health has published "Criteria for a 
Recommended Standard: Occupational Exposure to Carbon Monoxide " in 


1972. The major change was the reduction in the threshold limit value from 
100 ppm for carbon monoxide to 50 ppm. The following authors have written 


review articles on regulation of control of carbon monoxide levels: Dinman 
(1968); Goldsmith and Cohen (1969), DuBois (1970) , Grut et al. (1970) and 
Rossin and Roberts (1972). . • 

el ‘The carbon monoxide liberated during the use of tobacco is reviewed 


© 

s 

CiD' 

a 

1 


in the following monographs: "Tobacco: Experimental and Clinical Studies, " 

♦ 

by Larson et al. (1961), and supplements by "Larson and Silvette (1968, 1971); 
"Tobacco and Tobacco Smoke, " by Wynder and Hoffmann (1967); and "Nikotin: 


* •-'%x 
" "frf: 


Pharmacologic und Toxikologie des Tabakrauches, " edited by Schievelbein 
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(I 968 ). In the publications prepared by the National Clearinghouse for 
Smoking and Health, there has been an increasing amount of space devoted 
to carbon monoxide ("Smoking and Health, " 1964; "The Health Consequences 
of Smoking, " 1967, 1968, 1969, 1971 and 1972). In the 1972 supplement, the 
danger to the nonsmoker who inhales the carbon monoxide of the smoke 
liberated by a smoker has been emphasized. The contents of these 
publications relating to carbon monoxide in cigarette smoke are discussed 
in section IX below. . : • v- • . 


f. The bibliography of carbon monoxide was compiled in 1966 by 
Cooper. Among the 983 articles abstracted, 22 were devoted to carbon 
monoxide in smoking. 

The present review is written primarily to discuss the relationship 
between cigarette smoking and carbon monoxide. Articles which directly 
relate to carbon monoxide and cigarette smoking are reviewed in this 
document. The investigations dealing with objective measurements of 
carbon monoxide exposure are emphasized, particularly those which relate 
teethe effects of cigarette smoking on body systems (sections II to VIH). 

The articles which discuss.the significance of carbon monoxide in cigarette 
smoking have been scrutinized for validity of statements. Included in this 
commentary (section IX) are the statements which appeared in all the volumes 
of "Smoking and Health" (1967 to 1972). The bibliography for 1966 to 1972 on 


carbon monoxide in general is appended to complete the reference list 
started by Cooper for articles appearing up to 1966 (section XI) 
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II. CAR BOX YKEMOGLOBIN BLOOD LEVELS AND CIGAR ETTE SMOKING 
The most important single measurement for assessing the amount of 
exposure to carbon monoxide is the blood level of carboxyhemoglobin. The 
portion of hemoglobin present in the form of carboxyhemoglobin cannot 
combine with oxygen and therefore cannot carry oxygen from the lungs to the 
tissues. The techniques for measuring carboxyhemoglobin are discussed in 
the articles under additional bibliography list no. 1. The nature of the ’ V 
binding between carbon monoxide and hemoglobin resulting in a shift of the V 
oxyhemoglobin dissociation curve to the left is covered by additional 
bibliography list no. 2. The release of hemoglobin from carboxyhemoglobin 
during the elimination of carbon monoxide and its oxidation by living tissues 
are covered by the publications in a dditional bibliography list no. 3. The 
accumulation of carbon monoxide in enclosed spaces, such as an aircraft, 
submarine or tunnel, is covered by additional blbliographv list no. 4. This 
section will discuss the details of the investigation that relate directly to 
cigarette smoking and its consequences on the level of carboxyhemoglobin 
iq the blood. 

1005051074 

A. Habitual Smokers 

The first identification of carboxyhemoglobin in blood of smokers 
was accomplished by Hartridge (1919-1920). . He estimated the level in one 
smoker to be 6% and in another to be absent. A more extensive investigation 
was comjieted byGeltler and Mattice (1933), who compared 4 groups of * 
habitual cigarette smokers. The group of 12 rural dwellers had a mean value 
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of 1.2% carboxyh'emoglobin in the blood, while 18 New York City residents had 
a mean of 1.4%, 12 New York City cleaners a mean of 3. 5%, and 2 New York 
City taxi drivers a mean of 13. 5%. These results proved for the first time that 
the carboxyhemoglobin contained in blood of habitual smokers was not only the re¬ 
sult of cigarette smoking but was also the outcome of inhaling an atmosphere ; 

containing carbon monoxide released from automobile exhaust and other sources. 

There have been 28 additional reports of carboxyhemoglobin in blood levels 

-• .. -T \ \ .. . 

among cigarette smokers and the results are summarized in Table 1. The mean 
values do not represent the effect of cigarette smoking because the contribution 
of carbon monoxide in the atmosphere has to be subtracted. The last column in 
Table 1 is the net level of carboxyhemoglobin which can be attributed to ciga¬ 
rette smoking and was obtained by subtracting the mean blood levels for controls 
who were nonsmokers. The following generalizations can be made from the 
published results. 

1. The 30 investigations summarized in Table 1 were performed in various 

cities in the United States and Europe. The highest mean level is 16.2% for a 
group of 6 U. S. Army enlisted men (Meigs, 1948). This represents an error ^ 

in the analysis, since the blood levels for nonsmokers were also high. All the ' , - 
other mean levels were below 10% carboxyhemoglobin. 

2. The overall mean level for 2, 054 subjects reported in the 30 investi- 

gations is 3.76%. This represents the average blood level for smokers in the - -• 

m ■ ■ 

morning, 4 to 12 hours after they smoked a cigarette. 1005051075 

3. The contribution of atmospheric pollution to the increased blood levels 

of carboxyhemoglobin can be derived by subtracting the blood levels for controls jWf! 

7 • v,., • 


■ .• -v ■: -%•- 
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who were nonsmokers. Twenty-one of the investigations included nonsmokers, 

so that it was possible to subtract their mean levels from those of habitual 

smokers. The net difference between 2 groups represents the contribution from 

smoking alone, which amounted to a mean of +2. 19% of carboxyhemoglobin for 

2,781 subjects. This mean value was calculated regardless of the number of ’ ■ 

cigarettes consumed. * - . 9 ' :v£ 

■. - -v • ... ‘ ” +:+"%•■* 

4. Ten investigators related the amount of cigarettes consumed daily to 

blood levels of carboxyhemoglobin. The consumption of 20 or less cigarettes • 
per day showed the following net change in blood carboxyhemoglobin levels in 
each case: +1. 6% (Schmidt, 1939); +2. 4% (Schrenk, 1942); +2. 1% (Parmeg- 
giani and Gilardi, 1952); +1. 0% (Goldsmith et al , 1963); +1.9% (Curphey et al , 
1965); +0.3% (Balbo et al , 1966); and +0.9% (Rouch et al , 1971). The net changes 
in blood carboxyhemoglobin levels for subjects consuming one or more cigarettes 
were respectively: +2.9% (Schmidt, 1939); +3.7% (Schrenk, 1942); +3.5% (Par- 
meggiani and Gilardi, 1952); +1. 1% (Goldsmith et al , 1963); +3. 6% (Gurphey ef 
al, 1965); +2. 0% (Balbo et al, 1966); and +8. 0 (Yacoub et al, 1970). The last- 
mentioned value represents the highest net level of carboxyhemoglobin, next to 
the +11. 0% referred to above as reported for the U. S. Army enlisted men. 

(Table 1 appears on the next page. ) ' 
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Reference 

(Year) 


rindcr and Harper 

( 1962 ) 

Hofreuter, Catcott a 
Xintaras (1962) 

Goldsmith, Schuettc 
and Novick (1963) 


Curphrey, Hood and 
. Perkins (1965) 


Ayres, Gianelli and 
Armstrong (1 965) 

Balbo. Marucci and 
* Ronchi (1966)! 


Qjlclivaine, Nelson 

and Bartlett (1969) 

Bhown, Maitrya and 
■ " ■ Haq (1969) 


and Cau (1970) 


Rouchv Rioufol and 
Bourbon (1971) 


and Grover (1970); 
Brewer, Eaton, 


Weiss, Slawsky and 
Desforges (1971)' 

^tlcy (1971) 

Hansen, Wilke, 

Malbrny and Golhcrt 
* (1972) 


Nature of habitual smokers Nov of 

(Cigarette consumption) Subjects 


CarboxyhetnorJobin blood'level % _ 

Smokers Non-smokers* Net . 

Mean ± SD (Range) Mean 


Sunderland volunteers 

3 

3.8 

(3. 2-4. 8) 

. 0.9 

+2.9 

Cincinnati volunteers 

19 

2. 9 


1.9 

tl.O 

San Francisco longshoremen 


V 




KlO/day) 

429 

2. 3 


1.3 

. +1.0 

(10-40/da y) 1035 

3.4 



tl. 1 

(>40/day) 

233 

5* 5 



+ 4.2 

Los Angeles longshoremen 






(light) 

55 • 

2.3 


0.4 

+ 1.9 

(medium ) 

153 

3.0 



+ 2.6 

(heavy) 

29 

4.0 



+ 3. 6 

New .York volunteers 

25 

4.2 


0.9 

+ 3. 3 

vl-.‘ w.-t 

1 



.. V 


Paris workers 






(5/day) 

34 

2. 1 

(0-9.8) 

1.9 

+ 0: 2 

(10/day) 

32 

2.2 

(0-9.5) 


+ 0. 3 

(15/day) 

16 

2.2 

(0-5. 9) 


+ 0. 3 

(20/day,) 

20 ' 

2.2 

(0-6.9) 


+ 0. 3 

(30/day) 

7 

2.8 

(0-5.2) 


+ 2.0 

Durham workders 

5 

3. 8 


1.6 

+ 2.2 

Indian'beedi smokers 






(<10/day 

7 

4.8 

(3. 4-5. 6) 



(10-1 9/day) 

8 

5.9 

(5.6-6. 1) 



(20-29/day ) 

8 

6. 9 

(6.6-7. 3) 



(>29/day ) 

7 

9.4 

(8. 5-10:5) 



Paris workers 






(20/day inhaled) 

90 

9.5 


1.5 

>8. 0 

(20/day non-inhaled) 

97 

6.0 



+ 4.5 

Toulouse volunteers 






(< 10/day) 

5 

2.5 

(1. 0-5. 5 

1.6 

+ 0. 9 

(> 10/diy) 

15 

4.25 

(1.0-11.0) 


+ 2.6 

lieadville volunteers 

20 

6. 6 ± 2.7 


♦ 


) 

Boston patients with fibrosis 

8 

4.2 ± 2.7 


1.5 

* +4.2 

JLos Angeles residents 

81 

5.7 

(3.2-14.2) 

1.5 

+4.2 

Hamburg workers 

40 

4. 9 ± 1.0 


0.75 

+4. 2 
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Reference 

Nature of habitual smokers 

No. of 

Carboxylicmoglobih 

blood level % 

'• A;. y . > 

. (Year) 

Cigarette consumption) 

Subjects 

Smokers 

Mean ± SD (Range) 

Non-smokers* Net 1 £. 
Mean 

•C -i 

it 

■'. vi 

’turson, Garby, 
Robert and 

Zaar (1972) 

Uppsala volunteers 

6 

2.7 (1.5-4.4) 

1.27 +1.4 

•V £. 

Mean (overall for number of subjects) 


3.76 

(2954 subjects) 

+ 2.19 

(2781 subject 


Some of tne values were reported in volumes % and are expressed in this tabic as saturation % 
assuming normal hemoglobin values. 

^See Table 4 for details. . 
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(7) ABELSON P H 
1967. 


A damaging source of air pollution. Science 158: 1527, 


One of the toxic products of the automobile is carbon monoxide. 
Exposure for 1 hour to a concentration! of this gru of 120 parts per 
million causes inactivation of about 5 percent cf the body's hemo¬ 
globin and commonly leads to dizziness, headache, and lassitude. Con¬ 
centrations of carbon monoxide as high as I'OO ppm often occur in 
garages, in tunnels, ami behind automobiles. Such concentrations arc 
tiny in comparison with those (42,COO ppm) found in cigarette smoke. 
The smoker survives because most of the lime he breathes air not so 
heavily polluted. However, in a poorly ventilated, smokc-fiiEcd room* 
concentrations cf carbon monoxide can' easily reach several hundred 
parts per million, thus exposing smokers and nonsmokers present to 
a toxic hazard* ‘ ^ 


•v. y>H 


■‘Sv-^V 


In this article, the comparison of concentration of carbon monoxide is as 
follows: 100 ppm for garages and tunnel's and 42, 000 ppm in cigarette smoke. 

The latter represents 4.2 carbon monoxide in pure cigarette smoke. This con¬ 
centration is not inhaled continuously, but is diluted by air in the lungs at the 
time of inhalation of cigarette smoke. After exhalation, atmospheric air enters 
to replace the cigarette smoke. Ringold et al. (1962): analyzed' the expired air to 
determine the integrated concentration cf carbon monoxide therein: that of heavy 
smokers had a concentration' of 16.4 ppm, light smokers 7. 7 ppm, and non- 
smokers 0.08 ppm (see page 19 )* 
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‘ McILVAINE p NELSON! W C and BARTLETT D,: Temporal variation of carboxyhemoglobin 

concentrations. Arch Environ Health 19: 8 -91, 19^»9- 

MEIGS J W : Carbon monoxide poisoning. Bull US Army 8 : 542-6, 1948. 

MOTLEY H L : Environmental air pollution effect on pulmonary function. AerospMed 
.42: 1108-10, 1971. 

PARMEGGIANI L and'GILARDI F : Rilievi sulla ossicarbonemia fisiologica. Med Lav 43: 

... : J 179-83, 1952. . . ’ # 
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SCHMIDT O : Der Kohlenoxydgehalt des Blutes bei Rauchern. (The CO content of the blood 
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II B. Influence of Smoking on Alveolar Air and Blood Levels 
of Carboxyhemoglobin 

Jongbloed (1939) analyzed the carbon-monoxide content in alveolar 
air. A trace of carbon monoxide (about 0. 0001% or 4 ppm) was detectable 
in the alveolar air of nonsmokers. In one smoker the content was 10 ppm 
in the morning before smoking. Then the subject was given 4 cigarettes, 
each one taking 12 min to smoke with an intervening 12-rriinute rest period. 
The results were as follows: 


before 1st cigarette 

14. 0 

ppm 

after " » 

17. 9 

n 

before 2nd " 

19.4 


after 11 " 

• 23. 2 


after 3rd " 

27.1 

it 

after 4th " 

31.5 

n 

32 min after 4th cigarette 

29.0 

it 

52 min " " " 

26.6 

ii 

72 min " " " 

23. 7 



There was a progressive increase in the level of carbon monoxide in the 

alveolar air up to the end of smoking the 4th cigarette. Then a fall 

occurred in the concentration of carbon monoxide in the alveolar air. 

Other investigators have confirmed the observation of Jongbloed. 

Ringold et al . (1962) analyzed the expired air after a 20-second breath-holding 

period. The mean ± SD levels of carbon monoxide were as follows: 

Nonsmokers (93 subjects) 0. 8 ± 4-7 ppm 

Heavy smokers (41 subjects) 16.4 ±12.6 " 

Light smokers (25 subjects) ~ 7.7 ±10.9 " 

Pipe or cigar (9 subjects) 3.8 ± 4. 9 " 

Cohen et al . (1971) reported similar observations and correlated expired air 

levels of carbon monoxide with blood levels of carboxyhemoglobin. 

The results of investigations relating to blood carboxyhemoglobin . 
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levels are summarized in Table 2, The essential features of the table are: 

1. The 11 investigations consisting of measurements of carboxyhemoglo- 


bin in blood, resulted in a mean peak level of 5.26% in 29 pooled subjects. The 
net effect of smoking which was calculated in 15 subjects was an increase of 3. 81% 
of ca rboxyhemoglobin. 

2. There are isolated values as high as 12. 3% (E'arach et al , 1941); 10%: 

(Ruhl and Lin, 1936) and 6.5% (Whitehead and Worthington^ 1961). However, since 
the control value prior to smoking was not measured, it was not possible to cal¬ 
culate the net effect of smoking. * . 

3. None of the investigations summarized in Table 2 determined the duration 
of the rise in carboxyhemoglobim On the basis of work concerning experimental 


inhalation of carbon monoxide mixture, the duration depends on the concentration 
of inspired air. There is probably a slow fall in carboxyhemoglobin until the next 


cigarette is smoked. 

After cessation of smoking, a reduction occurs in blood levels of carboxy¬ 
hemoglobin (Belli and Guiliani, 1955; Ramsey, 1972; Rosenberg, 1968, 1971, 1972). 

t * 

The rate of fall in concentration was accelerated by exercise or muscular effort 

("Castellino, 1955; Crosetti et al, 1966; Shields, 1971). 1005051083 

Animals have been exposed to cigarette smoke for the investigation of its 
effect. The blood level of carboxyhemoglobin is elevated in mice (Leuchtenberger 
et al , 1965), hamsters (Dontenwill et al , 196f>V 1967) and rats (Driscoll et al , 1972): 
In the last-mentioned species, the blood 1 level of carboxyhemoglobin was influenced 


by the nature of cigarette used. With unfiltered smoke, the rat held its breath, 
whereas filtered smoke was inhaled with continuation of thoracic respiration. 




(Table 2 appears on the next page. ) , " 4r> 
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Table 2. Acute effects of cigarette smoking on carboxyhomOglnbin levels. 



1 


Refc rcnce 

Number of Cigarettes 

No of 

Peak CarboxvHemoclobih blood level 

sji 

(Year) 


Subjects 

Mean (Range) A 



L-anson and Hastings 

10-15 

6 

4. 3 

(3. 1-6.7) 

(1'933)' 





Ruhl and Lin (1936) 

1-2 .... ;• 

’ “ 5 . 


.(3.2-10) 

Schmidt (1939, 1940) 

i 

1 


41. 1 

* -*■■ i : - 

5 

2 


41. 6; +4 

Hsi- Pu and LiMing 

1-5 

43 

(<5 in 

80% of subjects) 

(1940) 

■ - - ^ • ' • •. . 




Barach, Eckman and 

20 

18 

5.7 

(2.2-12.3) 

_ Molomut (1941) 

. . ' : 




MacFariand, Roughton, 

1 

1 


4,2.0 

Halperin and Niven 

3 

1 


44.0 

(1944) 





Fabre, Truhaut and 

24 

5 

4.85 

42.7 

Berrod (1951)- 




. 

Parmeggiani and 

2 

1 ’ 


43 

Cilardi (1952) 





Goldsmith, Terzaghi 

12 

1 


411.9 

* and Hackney (1963) 



* * 


¥ 

Bowden and Woodhall 

2 

2 


41. 5 

(1964) 





Hamilland O'Neill 

20 (cigars) 

1 


.413 

(1969) 

Mean (overall for number of subjects) 

5. 26 


438 



(29 subjects) 


(15 subjects) 


Some of the values were reported in volumes % and are expressed in this table as saturation %.assuming 
normal hemoglobin values. 
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II C. Passive Smokin g : ■ " 

The phenomenon of "passive smoking" refers to the exposure of 
nonsmokers in an enclosed space containing smoke generated by cigarette 
smoking. The consequence to the individual in such a situation was first 
described: by Jones et al . (1923), who studied the occupants of a non-ventilated 
room of approximately 1,000 cu ft capacity, filled with smoke liberated from Is; • ■ 
cigars, cigarettes, stogies or pipe tobacco. The highest concentration of 
carbon monoxide was 200 ppm and the highest concentration of carboxyhemoglobin 
in the blood was 5%. Within 15 min, the occupant became uncomfortable and in 
45 to 60 min it was necessary for him to wear goggles to prevent eye irritation* 
Yaglou (1955) determined the rate of ventilation for a room of 1, 410 : cu ft, 
which contained 3 to 4 smokers consuming 24 cigarettes per hr. The passive 
smokers suffered from headache, watering of the eyes, irritation of the nose 
and throat, a feeling of depression, and loss of concentration power for reading , 
when the ventilation was less than 15 cfm per smoker. A ventilation of 25 cfm 
per smoker was considered as acceptable in preventing these complaints. 

There were no analyses of blood reported for the subjects. 1005051087 

The consequences of passive smoking have been quantitatively measured 
by Oettel (1967), Markiewicz (1970) and Ha rice (1970). All three investigators 
measured the amount of nicotine absorbed by the passive smoker. Only Harke 
(197Q) determined! carboxyhemoglobin levels in the blood! of active and passive 
smokers. In a non-ventilated room, 57 cubic meters in size, filled with smoke 
liberated from 42cigarettes for 16 to 18 min, the level would reach as high as 
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48 ppm. In another room, with a size of 170 cu 11 smokers each consumed 
9. 5 cigarettes within 2 hours. In the presence of a carbon monxoide concentra¬ 
tion of 30 ppm, the 11 active smokers had a mean carboxyhemoglobin level of 7.5 
± 0. 8% in the blood, while the 7 passive smokers had a level of 3. 3 ± 1.4%. With 
a room concentration of 5 ppmi, the respective levels were 5. 8 ± 1. 6% and 3. 3 
± 1.4%; with concentrations of < 5 ppm, the blood levels were respectively 5.0 
± 1. 8% and 2, 7 ± 1.2%. The effect of exposing the passive smokers to from 5 vy 
to 30 ppm caused a net increase of 0. 5% in carboxyhemoglobin. ' 


From the above results, Harke (1970) concluded that it is unlikely to find 
nonsmokers in a room absorbing a significant amount of cigarette smoke. The 
criticisms by Hess (1971), Schmidt (1 971 ) and Portheine (1971) were largely di¬ 
rected against the measurement of nicotine absorption. The comments regard¬ 
ing carbon monoxide were answered in a rebuttal by Harke (1971), so that the 
carboxyhemoglobin levels remain valid. 

The "passive smoking" situation has been determined by measurement of 
carbon monoxide in the air. Dublin (1972) reported a concentration of 20. 5 to 
32. 5 ppm in a position next to the smoker in a room ventilated 12. 5 times per 
hour. At the far end of the room the concentration was 13 to 17 ppm. Passive 
smoking has also been investigated in rats, mice and hamsters (Reclczeh et al, 


1969). In these studies, nicotine was also absorbed by the passive smoker. 
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II* D> Carbon Monoxide Content of Cigarette Smoke * 

The presence of carbon monoxide in cigarette smoke and its absorption by 
the blood were recognized as early as 1899 by Wahl. By shaking a few drops of 
blood in 2 or 3 mouthfuls of tobacco smoke, he studied the uptake of carbon mo¬ 
noxide from tobacco smoke by the blood of smokers. The presence of carbon mo¬ 
noxide was confirmed by spectroscopy. Wahl concluded that the quantity taken 
' U P was insufficient to produce any ill effects. A similar conclusion was arrived k 
at by Lehmann (1908), Culverwell (1915) and Dixon (1927 a and b). 

A more direct approach has been to-measure the amount of carbon monoxide 
liberated from cigarette smoke. One gram of tobacco yields a variable amount 
of carbon monoxide, depending on the method of obtaining the tobacco smoke, the 
rate of smoking, the closeness of pack and the nature of use, i. e. , by cigarette, 
pipe or cigar. Table 3 summarizes the results of 10 investigations of the amount 
of carbon monoxide emanating from cigarettes. The mean values range from less 
than 1 ml to 62 ml of carbon monoxide per gram of tobacco, A convenient median 
level is 25 ml, which would mean that a cigarette weighing about 1 g, burning in 
a space of 1 cu m, would result in a concentration of 25 ppm carbon monoxide. In 
a larger space of 100 cu m, it would require 100 cigarettes to approach a concen¬ 
tration of 25 ppm, or 200 cigarettes one of 50 ppm, assuming that there is no ven¬ 
tilation and that no carbon monoxide is absorbed by the smokers or by the objects 
inside the room. This calcuation, based! on the amount of carbon monoxide 1 » 

l _ 


rated from a cigarette, makes it unlikely that enough carbon monoxide can be 
contained in a room to be a hazard to nonsmoking occupants. Bridge and Corn 





(1972) have arrived at the same conclusion by monitoring carbon monoxide levels 
in a chamber containing cigarette smoke generated by a machine.' 

The concentration of carbon monoxide in the cigarette smoke ranges from 2 
to 7% (Table 3). As the cigarette was burned and became shorter, the concentra¬ 
tion of carbon monoxide was increased (Jarrell and Burde, 1965; Waltz and Hau- 
sermann, 1965; Baxter and Hobbs, 1967; Owen and Reynods, 1967; Krusznynski 
and Henriksen, 1969). Vj-khv 

The amount of carbon monoxide in cigarette smoke that is absorbed in the 
lung has been calculated in a number of ways. Bokhoven and Niessen (1961) mea¬ 
sured the concentration of carbon monoxide in the expired air of the same indivi¬ 
dual with and without inhaling the cigarette smoke. The difference in carbon mo¬ 
noxide concentration in 3 individuals, expressed as % absorbed, averaged 82%. 
Haebisch (1970) performed a similar analysis and concluded that approximately 
7. 5 ml of carbon monoxide is absorbed by smoking 45 mm of a cigarette. Dal- 
hamn et al (1968) performed an analysis of smoke administered with a motorized 
syringe, which drew a 2-second 35 ml puff of smoke, and analyzed the sample . 
before and after the smoke was exhaled by the subject. In 5 subjects, 54 ± 12. 7% 
was retained after deep inhalation, while only 3 ± 0. 7% was absorbed when the 
smoke was kept in the mouth and prevented from reaching the lungs. 

(Table 3 appears on the next page. ) 
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III. SOURCES OF CARBON MONOXIDE 
The interpretation of the significance of carboxyhemoglobin levels 
in the blood included the contribution from exogenous carbon monoxide in 
the atmosphere, as well as endogenous carbon monoxide that is found in ‘ 
the tissues. The details of the contribution of these forms of carbon 
monoxide are discussed! in the articles in additional bibliography list no. 5, . ■' ■ £ 
dealing with atmospheric carbon monoxide, and additional bibliography list 
no. 6 on endogenous carbon monoxide. Pollution of the air by factories ~ 

and: by vehicular exhausts are covered respectively in additional bibliography 
lists nos. 7 and 8. This section will discuss those articles that include 
analysis of carboxyhemoglobin in the blood of individuals that have been 
exposed to the sources of carbon monoxide other than cigarette smoking. 


A. Carboxyhemoglobin Levels ini the Blood of Nonsmokers 
It was stated in section II-A that the carboxyhemoglobin contained in 
the blood of habitual smokers included the contribution from exogenous and 
endogenous sources of carbon monoxide. Table 4 summarizes the results of 
26 investigations of blood levels in nonsmokers. The overall mean for 1,662 
subjects was 1. 45 %» The individual averages varied from 0. 4 to 5. 2. In 
cities such as London, Los Angqles and Milan, the residents show the 
following mean levels of carboxyhemoglobin-respectively: 3.5, 2.3 and 2.8. 
These values represent a significant contribution from carbon monoxide 
pollution in the atmosphere. • . 


•■*$>} u 


. (Table 4 appears on the next page.) 
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Taolc 4. (continued) 
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Reference 

(Year) 

Nature of nonsmoker 

No of 
Subjects 

Ca rboxyhemordobin blood: levels % 

Mean ± SD (Range) 

t 

^acoubi Faure, 

Paris residents 

113 

1.5 

Mall ion and Cau 




(1970) y ‘ : 

V ; : 



R'ouch, Rioufoland 

Toulouse residents 

« 

23 

1.6 (1.0-3.5 

Bourbon (1971) 




Weiss, Slawsky arid 

Boston residents 

13 

I. 5 ± 0. 8 

Desforges (1971) 




Motley (1971) 

Los Angeles residents 

115 

1.5 (0.2-2. 9) 

Hansen, Wilke, 

Hamburg residents 

37 

0.75 

Malorny and 




Cothert (1972) 




Arturson, Garby, 

Uppsala residents 

n 

1.3 (0.9-1.7) 

Robert and Zaar (1972) 



Mean (overall for number of subjects) 


1.45 




(1662 subjects) 

*Somc of the values were reported in volumes % and 

are expressed 

in this table as saturation % assuming 


O 


normal hemoglobin values. 
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III B. Vehicular Traffic and Smoking 

- — ■ - - - — 


One major source of air pollution in general' and of carbon monoxide 
in particular is automobile exhaust. Blood,samples collected from vehicular 
drivers, traffic policemen, garage operators and miscellaneous workers 
show an increase in content of carboxyhemoglobin after exposure. The 
results of 19 investigations summarized in Table 5 indicate an overall 
average in 84 subjects of an increase of 1.1% of carboxyhemoglobin following 
4 to 8 hours of exposure to vehicular traffic. The average peak level for 
1,481 subjects was 3. 9?W • 

The combination of exposure to vehicular traffic and cigarette 
smoking has been investigated by 8 groups and is summarized in T&ble 6. 

The peak blood levels showed an overall average of 6. 8% of carboxyhemoglobin 
for 446 subjects. There is an increase of 2'.9% in carboxyhemoglobin as a 
result of smoking and this value is close to the increase of 3. 8% reported 
for subjects not exposed to vehicular traffic (see section IIB). 

The most extreme example of combining cigarette smoking and 
exposure to automobile exhaust was reported by Srch (1967), who placed 4 
subjects in an automobile with doors and windows closed inside a closed 
garage. Two of the subjects were smokers of 20 to 30 cigarettes daily. 






who were asked to smoke 5 cigarettes. Before smoking, the blood showed 
5% of carboxyhemoglobin. After smoking 5 cigarettes, the blood levels 
had a mean value of 10%. The two nonsmokers in the automobile had 2% 


of carboxyhemoglobin before and 5 % after the test. This situation rarely 

. 
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occurs in the ordinary course of events. 

There is no reason to suspect that the blood levels of carboxyhemoglobin 
attained by the combination of cigarette smoking and exposure to vehicular tra- 
ffice are responsible for the occurrence of vehicular accidents and poor driving 
(Boeck, 1958; Williams, 1964). The mechanical properties of the lung do not 
show any abnormality attributable to the exposure to cigarette smoking and ve¬ 
hicular traffic (Reichel et al , 1970). The incidence of sick rates among smok¬ 
ers was significantly higher than among nonsmokers who were exposed to car¬ 
bon monoxide in the atmosphere (Fiandaca and Vercellotti, 1964; Mountain et 
al, 1968). There is a reduction in reaction time in drivers exposed to 90 1 min¬ 
utes of commuting traffic (Ramsey, 1970)* In all of these reports, although an 
elevation of carboxyhemoglobin is mentioned, a cause and effect relationship 
has not been established. The exposure to vehicular traffic is associated with 
inhalation of lead, ozone, hydrocarbons and nitrogen oxides, each of which can 
also contribute to the effect attributed to cabon monoxide alone. Literature on 
the toxicity of automobile exhaust is listed as additional bibliography No. 8 . 
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Reference 

(Year) 

r _ ••••• w *- i 

Nature of subjects 

No of 
subjects 

Carhoxy.hemoglobin blood levels % 

Before After smoking and exposure 

Mean Mean ± SD (Range) A 

Net A 

compared 

Nonsmolh 

L 

DcBruin, Bull and 

Amsterdam police- 

14 

4.6 

4.9 

+P.3 

+ 2.9 

-Van Haeringen 

men 

' - 
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Chovin (1967) . 

Paris policemen 

35 

3.7 



+2.5 

Ramsey (1967) 

Dayton parking 

24 

2.9 

9. 3 ± 3. 16 

+ 6.4 

+2. 0 


atttendents 






Buchwald (1969) 

Alberta garage operators 






(1-9/ day) 

21 


6.4 

(1-15) 

+ 1.4 . 


‘ (10 *-20/day); 

138 


8.5 

(0.5-19) 

+ 3.' 5 . 


(>20/day) 

76 


9.2 

(1-18) 

+ 9.2 

Breysse and 

Seattle fork lift' drivers 





Bovee (1969) 

«20/day) 

. 44 


3.5 

(0-17) 

+2. 3 

" 

(20-40,'day) 

38 


5.5 

(1-20) 

+4. 3 


(>40/day) 

6 


6.5 

(3-14) 

+5.3 

Gothe, Fristedt, 

Stockholm policemen 

28 


3. 5 ± 1. 17 


, +2. 3 

Sundell, Kolmodin, 

Malmo policemen 

6 


5. 0 ± 2. 4 


+4. 2 

. Ehrner- Samuel'and 

Orebo policemen 

5 


. 2.4 ± i. 1 

* 

+1.8 

Cothe(1969) 







"Vetrilli and Kanitz 

Genoa vehicle drivers 

20 



(6.0-8. 5)' 


(1970) 







Cohen, Dorion, Golds¬ 

US-Mexican border 

11 

4.8 

6.4 

- . +1.6 

+2.8 

mith* Permutt (1971) 

inspector 







Mean {overall for number of subjects) 


6 . 8 

(446 subjects) 


+4. 07 
(446 subject! 
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(26) DOaLE J T : Smo’uug and myocardial infarction. Circulation 39 40: 

Suppl 4: 13&-43, 1969* 

' •• - •• -"' V, ■' 

Tiii's review contains a paragraph on the role of carbon monoxide in patho- . 
genesis of atherosclerosis* The author views the problem in the proper pers¬ 
pective. 


! *lhe manner im which, cigarette smoking ac- 
colcratfc\s aliier oscl er o sis and itv complications 
is, in short, unexplained. It is possible that in 
some way cigarette smoking damages; the* arte¬ 
rial inliina. Carbon 1 monoxide is the likeliest 
immediate candidate for such a role. Some 
. presently mysterious interference will) the 
normal mechanism of transport of lipids from 
the plasma through the vascular tunics to (lie 
lymphatics secondary to iho inhalation of cig¬ 
arette smoko is an alternative possibility: 
in nil populations yc t .scrutinized,. tltc’ j»i c:\- 
aleivce and incidence of CHID rius: with: the 

serum cho.csicrol ccu;ceiurui.joiu''“ Jt is, ac¬ 
cordingly, a plausible hypothesis that inordi¬ 
nate cigarette smoking may be associated with 
an increased serum cholesterol eeu uvni ration. 
Such a relationship dues, indeed, exist, 1ml is 
unimpressive. Although the serum cholesterol 
coJk’C'Jitral'iOiii m belli men and women is con¬ 
sistently liigher in cigarette smokers, the influ¬ 
ence of increasing. age is subskmlially greaterr 
(figs., 1 and 2). rv ' : The observation that heavy 
cigarette smolicrsha.ve far more atheroma than 
nonsmokers is, possibly, complemented ivy 
Aslruph observation! llniU fat-fed rabbits ex¬ 
posed to high tensions of carbon monoxide; 
exhibit' extreme hyperlipidemia and cholcxtor- 
osis as compared to controls not exposed io- 
carbon monoxidcv %:,t - 6 This interesting ex peri- 
mental model has, however, no recognized 
counterpart in human epidemiological studies. 
Obesity as a coronary risk, factor is not related 
to cigarette smoking, 2 Lastly, thearleriulblbod 
r pressure is not associated 1 with' cigarette Jiabi.l. 2 
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Habitual smokers who also suffer from chronic lung disease are 
known to have an elevated carboxyhemoglobin level. Such patients show a 
reduction in pulmonary diffusion capacity (Chosy et al ., 1963; Clauzel et al . , 
1966; Trinquet et al ., 1971). Chevalier et al . (I 966 ) compared such'patients 
with nonsmokers inhaling 0.5% carbon monoxide. The resulting elevation 
in levels of carboxyhemoglobin caused a reduction in pulmonary diffusing 
capacity in nonsmokers. On this basis, it was proposed that the reduction 
in pulmonary diffusion capacity in smokers is due to elevation of the 
carboxyhemoglobin level. This explanation has not been supported by any 
other form of experimental data. 










>ource: https://www.industrydocuments.ucst.edu/docs/litnnh 
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IV B. Chronic Respiratory Effects in Humans 
The medical examination of traffic officers stationed at the Holland 
Tunncll in New York has provided an opportunity to determine the effects of 
chronic exposure to 70 ppm carbon monoxide. Sievers et_al. (1942) examined 
156 such officers and failed to find any evidence of injury to health that was 
attributable to carbon monoxide exposure. There were no signs or symptoms 
of respiratory abnormalities. Other reports of elevated carbon monoxide 
level's in. highway tunnels have appeared, but the clinical examination, of the 
traffic officers has not been included (Braja and Trompeo, 1964; D'Arca et al . 
1964; Miranda et al ., 1967; Yamate and Matsumura, 1968). 

Astrup et al . (1968) and Klausen et al . (1968) exposed 8 male subjects to 
inhalation of 0. 5% carboxyhemoglobin, resulting in a blood level of 10 %. 

There were no changes in ventilation, circulation or metabolism. 
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The lack of respiratory stimulation during acute exposure to carbon 
monoxide has also been demonstrated! in animals (Kor.ner, 1965)!. In perfusion 
of the carotid body chcmoreceptors there was no evidence of direct stimulation 
by carbon monoxide (Duke et al ., 1952; Joels and Neil, 1961; Meyer et al . , 
1972). With extremely high levels of carboxyhemoglobin a fall in blood " 

oxygen tension occurs, which may cause activation of chemoreceptors. 
However, the respiratory centers are depressed directly by the reduction in ; 
blood oxygen content, so that chemoreceptor-induced hyperpnea is not apparent 
(Mills and Edwards, 1968). 

Carbon monoxide in a concentration of 2% provokes bronchoconstriction 
in the guinea pig (Parrot et al ., 1971). In the cat lung, ventilation with 1 to 
20% carbon monoxide in air caused 1 bronchodilatation with a fall in pulmonary 
arterial pressure (Duke and Killick, 1952). In the dog there is a rise in 
pulmonary arterial blood pressure following inhalation of carbon monoxide 
(Rubino, 1964). The differences in bronchomotor and pulmonary vascular >‘ 
responses between animal species have not been explained. Carbon monoxide 
is not toxic to bronchial cilia of various animals (Okeson* and Divertie, 1970). 

There are other differences in responses of various animal species. 

In the rat lung, exposure to 0. 5 or 1. 0% carbon monoxide in air caused 
swelling of alveolar epithelial mitochondria tnd nucleoplasm, swelling of 
capillary endothelial cells and capillary platelet thrombosis (Niden and 
Schulz, 1965). Mice exposed to carbon monoxide showed similar alteration 
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in the alveolar tissue (Bils and Romanovsky, 1967; Rhodes, 1971). Experiments 

on the dog indicate that adminstralion of a mixture of 8 % to 14% carbon monoxide 
i ' ' ’ 

did not cause ultrastructural changes in the lung that cculd be attributed' to the gas 

per se (Norman et al , 1966; Fisher et a], 1969). The observations on primates 
do not inelud’e electron microscopy. So far, the only published' report based on 
gross and histopathological examination of lungs and other organs of the cyno- 4 
molgus monkey does not reveal any abnormalities resulting from continuous ex¬ 
posure to 19. 86 and 65.46 ppm carbon monoxide for 2 years (Eckardt et al , 1972). 

The chronic exposure of animals to cigarette smoke reported' by Dontenwill 
et al , (1966); Dontenwill (1 967, 1970), and by Campbell (1936) does not relate 
directly to the effects of carbon monoxide alone. Experiments regarding exposure 
to automobile exhaust reported by Vaughan et al (1 969) are difficult to interpret 
in terms of identifying the effects of carbon monoxide. Chronic exposure to 
carbon monoxide in air caused an aggravation of pulmonary tuberculosis in 
rabbits (Kiriachko* 1966) and did not influence the rate of tumor development in 
rats (Shintani, 1968). 
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V. CIRCULATORY SYSTEM • . - 

The investigation of circulatory effects of carbon monoxide has been 
more extensive than that of its effects on the respiratory system discussed " 
in the preceding Section. There has been increasing concern that chronic . 

exposure to carbon monoxide present in cigarette smoke would lead to disea'ses 
of the heart and blood vessels and abnormalities in the composition of the blood. 
However, the problem has not been solved by direct experimentation relating to 
the carbon monoxide in cigarette smoke. There are numerous observations 
regarding the effects of sublethal concentrations of carbon monoxide in man 
and animals. These are reviewed in the following paragraphs, although they 
arc only remotely related to the small amount of carbon monoxide contained in 
cigarette smoke. 


V A. Heart Kate • 

The acceleration of heart rate known to occur during inhalation of 
cigarette smoke is explained by the nicotine content. The amount of carbon 

monoxide in the smoke does not influence heart rate, since experiments 

• ' • 

consisting of administering carbon monoxide alone in amounts even 
exceeding that pi oduced by cigarettes failed to alter the electrocardiogram'* * ’ ^ 

The electrocardiograms of patients suffering from acute carbon monoxide 
poisoning or chronic exposure to carbon monoxide show the following alterations: 
depression of S-T segment (Steinmann, 1937; Stormer, 1938; Wendt, 1941; />*.* 

Graybiel, 1942; Breu, 1943; Patz, 1949; Saracoglu, 1951); sinus arrhythmia '..v-*I 
(Breu, 1912); ^prenaatu^e systole (Parade and Franlcc, 193^k^aitr^ 
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(Donatelli, 19*40; atrial fibrillation 1 (Dvorak ctal. , 1951; Cosby and'Bergeron, 
1963); distortion of QRS-T complex (Hegglin, 1944; Kostyukova, 1951; Lorente 
and Varela de. Seijas, 1953) Wolff-Petrkins on-White syndrome (Doumer and 
Merlen, 1946; Seling, 1966); atrioventricular block (Ehrich et alu , 1944; 
Altmann, 1953; Kledecki and Winiarski, 1963); bundle-branch block (Graziani 
et. al. , 1957 ); and cardiac arrest (Brunner, 1939). Multiple abnormalities 
in the el = ctrogram have been reported (Faivre ct al. , 1954; Faivre et al . , 

1959; Capellaro and Gandolfo, 1964; Hayes and Hall, 1964; Medvedowsky 
et al . , 1965; Shafer et al. , 1965; Zanardi et al. , 1966; Kuroiwa et al. , 

1968; Orinius, 1968; Lang et al . , 1969 ; Mosinger et al. , 1969; Lustman and 
Geerts, 1971; Thiels et al. , 1972). Most of these abnormalities have been 
reproduced in animals inhaling concentrations larger than 2% carbon monoxide 
in air (von Bergmann, 1934; Motta, 1940; Loeper et al . , 1942; Lewey and 

II * 

Drabkin, 1944; TIundt and Grunberg, I960; Mainardi, 1964; DatsenkO', 1966; 
Mosinger et al . , 1969) 
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(Gorski, 11962) , reduced' response of left ventricle to the nitroglycerin test 
(Gokina, 1971), and elevation of serum enzymes which reflect myocardial 
injury (Jaffe, 1965). Tine postmortem examination'of the heart in patients 
dying from carbon monoxide poisoning reveals necrosis and hemorrhagic 
infarction, fibrosis and fatty degeneration (Koelsch, 1936; Nagel, 1937; 

Monaui, 1940; Breu, 1942; Binet and Betournd, 1951; Holm, 1950j Caccuri, 

1955; Ritter, 1956; Klavis and Schulz, 1966; Borst, 1967; Sobotka and Sobotka, 

" •• l ' ' - ' 

I96 : 9r Caroff et al, , 1970. 

The rat has been the laboratory animal most extensively used to 

investigate myocardial effects of carbon monoxide. Asnnissen and Paulsen 

an atmosphere containing 

(1953) exposed! immature rats for 60 days to/carbon monoxide. The blood 
levels were kept at 50 to 60 % carboxyhemoglobin. Compared with control rats, 
the carbon-monoxide-treated rats were inferior in their ability to swim till 
exhausted and to withstand low oxygen tension; The carbon-monoxide-treated 
rats showed cardiac hypertrophy and* a slight but significant increase in the 
relative number of coronary capillaries. Suzuki (1969) administered 1% carbon 
monoxide for 10 min to mature rats and the animals were sacrificed from 10 min 
to 24' hours after cessation of inhalation. The electron microscopic examination 
of the heart revealed infra cellular edema, swelling of mitochondria and 
sarcoplasmic reticula, .. disruption and 1 reduction of cristae, disappearance 
of mitochondria, appearance of lipofuscin pigment'granules and lysosomes and 
increase of glycogen granules and fat droplets. The author concluded that the 
effects of carbon monoxide on the heart result not only from hypoxemia r but 


also from the direct toxic effects on the specific respiratory enzymes. ‘ r&T-Z* 
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Holczabek (1971) arrived at a similar conclusion following exposure of rats to 
3% carbon monoxide. Slater (1950) demonstrated inhibition of dihydrocozymase 
oxidase of heart muscle exposed to .carnon monoxide in vitro. *. 

The direct effects of carbon monoxide on the monkey heart have not 
been investigated. Since there is a species difference relating to pulmonary 
effects, it is reasonable to suspect that this may also apply to the heart. The 
rabbit heart shows cardiac necrosis, which could be interpreted to be the •'v;, : . v ; 
result of hypoxemia rather than the direct effect of carbon monoxide (Veith, 
1940).. 
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V C. Coronary Circulation 


In recent years there has been an increasing number of publications 

associating coronary heart disease with the carbon monoxide contained in 

cigarette smoke (Jaffe, 1968; Dinman, 1969; Robin et al ., 1969; Goldsmith, 

1970; Szdlldsi et al yl970; Tibblin, 1971; Schievelbeih and Fberhardt, 1972; 
and Bersay 

Marland/ 1972). The evidence for stating that the carbon monoxide content 
of cigarette smoke caused coronary heart disease is indirect. A review of 
the investigations concerned reveals that the levels of carboxyhemoglobin in 
the blood of habitual smokers do not cause coronary heart disease. 

The effect of exposure to lower concentrations of carbon monoxide 
in high^pollution areas of Los Angeles has been examined by Cohen et al. 
(1969). The case fatality rates for patients admitted with myocardial 
infarction to 35 hospitals during 1958 were examined, The results indicate 
that there was an increase in fatality rate in high-pollution areas and that 
this difference was evident during periods of relatively increased carbon 
monoxide pollution. However, it was not possible to prove cause and effect 
relationship between carbon monoxide and high'fatality rate, since there are 
other pollutants involved. In the same city, Haywood et al. (1972) examined 
34 patients with acute myocardial infarction, and 35 control patients with 
diverse diseases. Carboxyhemoglobin levels averaged 5. 14 % fbr the infarct 
patients and 4.8 % for the controls; there was-no clear-cut relationship 
between carbon monoxide levels and acute infarction. For patients with 
angina pectoris, exposure to the heavy morning freeway traffic in Los Angelas 
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caused a decrease in exercise performance that initiated! the onset of angina . ' 

(Aronow et al ., 1972). The mean blood levels of carboxyhemoglobin'in % were • 

1.12 ± 1.20 before, 5. 08 ± 1.19 immediately after leaving the freeway, and - 
2. 91 ± 0. 93 two hours later. Any one of the pollutants other than carbon monoxide 
may be responsible for quicker development of angina after less cardiac work. ’ 
Ten patients with angina pectoris were examined by Aronow and Rokaw (1971) f'n-i y- 
and Aronow et al . (1971) following the smoking of low-nicotine cigarettes. ".y lly 

After each subject had smoked 8 cigarettes, at the rate of one every 30 min, 
the carboxyhemoglobin level in the blood rose from 1. 58 to 7. 7 9 %. This was ; h' ; 
accompanied by a decrease in exercise tolerance. These results cannot be 
interpreted to mean that carbon monoxide alone is the cause of the decrease in - . 
exercise tolerance. The only direct proof would be to repeat similar observa¬ 
tions on patients inhaling carbon monoxide mixture. De Bias et al. (1972) 
exposed dogs with myocardial infarction to 100 ppm carbon monoxide for 14 
weeks. The elevation of the blood carboxyhemoglobin level to 14% did not 
influence the electrocardiogram nor the serum enzymes that would be expected 
to accompany increasing severity of hypoxia. Carbon monoxide alone, producing ' 
up to 14% saturation of carboxyhemoglobin, does not appear to exaggerate ’ ' 

myocardial infarction in dogs. • 

months, 

Exposure of rabbits for up to 14/ resulting in a blood level of 15 to 
40% carboxyhemoglobin, causes myocardial damage (Andersson, 1972). The 
lesions are similar to those reported for patients who have recovered from 
acute carbon monoxide poisoning. Some of these patients manifested anginal 
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attacks (Kroelz, 1936a; Beck and Suter, 1938; Hubert, 1943; Zeh, I960) and ! 
myocardial infarction (Kroetz, 1936b;: Wiktor, 1954: Anderson et al ., 1967). 

Tlic effects of inhalation of 0,1 or 5% carbon monoxide, sufficient to 

the 

rais e/ca rboxyhemoglobin level to between 5 and 25% in dogs and humans, were 
repoitcd 1 by Ayres et al . (19o9, 1970), There was an increase ini coronary 
blood flow and alteration of lactate and pyruvate metabolism. Most of these 
changes could be accounted for by hypoxemia, although a direct effect of 
carbon monoxide on the coronary vessels has not been excluded. 
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V D. Su i lomir Circalntio ni 

Cigarette smoking causes vasoconstriction of most vascular beds* 

These effects are brought about by nicotine contained in the smoke. The 
carbon'monoxide absorbed during smoking dbes not contribute to the vascular 
effects. In animals, the pattern of action of carbon monoxide is vasodilatation 
with elevation'of body temperature (Binet and Bursteiii,. 1948; Coret and Hughes, 
1964; Nielsen, 1971). 

Acute carbon monoxide poisoning is accompanied by a fall in aortic 
blood pressure (Litzner, 1936; Beviatka, 1956; Navratil, 1956; Vyskocil and 
Novotny, 1956: Chudziklewicz, 1957; Mihai and Weber, 1964; Heidrich et all , 

1970). Hypotension has allso been noted following exposure to carbon monoxide 
in dogs (Brewer, 1937; von Pettingcn et al ., 1941), cats (Kayser, 1939; Maurer, 
1941), rabbits (Nishigpri, 1932; Sllpfle, 19.34). and: rats (iTruhaut et al ., 1968). 

' The falli in bloocf pressure is entirely due to vasodilatation, which has been 
demonstrated in dogs (Sulotto et al„ 1969 a and b)l In man vasoconstriction 
of the hand reflexly induced by cold is reduced by level's of 19 and 25% 
carboxyhemoglobin (Heistad and Wheeler, 1972). 

The influence of carbon monoxide on capillary permeability has been 

investigated in humans and animals. In man, exposure to carbon monoxide 

for 8 days caused an increase in the permeability of the capillaries to 

albumin (Siggaa rd-Andersen et al ., 1968, 1969)i The increase in permeability 

could not be demonstrated in the calf muscle (Petersen et al. , 1968). In rabbits, 

guinea pigs and rats there is an inercase in permeability in the peritoneal 

1968 a 

cavity (GUlhert cl al ., t 1970} and subcutaneous tissue (Van Blew, (and b, 197,0), 
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Although no specific/of arterial disease caused by carbon monoxide 
associated with cigarette smoking has been reported, there have been repeated 
suggestions of cause and effect relationship, The facts are as follows: . 

1. Patients wno have been exposed to acute carbon monoxide poisoning 

v- 

develop skeletal muscle necrosis, (Mautner, 1955)> Volkmann's contracture 
Ortizaga, .1^67)' or venous thrombosis (Heidrich and Klems, 1969). Similar 
lesions have not been reported following exposure to low levels of carbon monoxide. 

2. In patients with thromboangiitis obliterans or Buerger's disease, 

Astrup (1964) pointed out a connection between smoking and increased' affinity 
of hemoglobin. Astrup (1966 a and b) and Astrup et a3. (1966) showed the 
increase in affinity for oxygen to be associated with carbon monoxidd present in 
tobacco smoke, since higher carboxyhemoglobin levels were observed: in smokers 
with thromboangiitis obliterans than in healthy smokers. Mulhausen et al . (1967) 
confirmed this observation in another group of patients. Kjeldsemand Mozes 
(1969) and Kjeldscn (1969) noted in a third group of patients that the 
carboxyhcmogJobin saturations and cholesterol! levels are higher in controls. 


BL ms ting! et al. (1966) demonstrated that patients with thromboangiitis 

obliterans did: not show a greater alteration in oxygen affinity produced' by 
than did 

smoking/eompared with normal smokers. The possibility that carboxyhemoglobin 
increases blood vis cos Lty. and therefore reduces the velocity of blood circulation 


and hastens the tendency to thrombus formation^has been excluded by measurements 
performed' by Solvstcen and Kristjansen (1968). 
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3. That exposure to carbon monoxide could lead to arteriosclerosis was 
proposed by HUeper (1944) as part of his anoxemia theory. Astrup and his 
collaborators have attempted to find experimental support for this theory in 
cholesterol-fed- rabbits — see reviews by Astrup (1967, 1969, 1970, 1972) and 
by Astrup and Kjeldsen (1970 K The exposure to carbon monoxide enhanced the 
development of atheromatosis (Astrup et ah , 1970 a and b). The appearance of yj. 
lesions was accompanied by elevation of serum lipid levels (Truhaut et al ., 1968; 
Kjeldsen, 1970a), change in lactate dehydrogenase isoenzymes of the aortic arch 
(HeHung-Larsen et al, , 1968), Increased endothelial permeability (Wanstrup 
et ah , 1969), and ultrastructural intimal changes (Kjeldsen et al. , 1972). In 
human subjects exposed to carbon monoxide, an increase in capillary filtration 
rate (Siggaard-Andersen et al . , 1967) and elevation of serum lipid levels 
(Kjeldsen and Damgaard, 1965, 1968; Kjeldsen, 1.970b) have been demonstrated. 

It has been suggested that carbon monoxide inhibits synthesis of cholesterol, 
leading to accumulation of lanosterol (Gibbons and Mitropoulus, 1972). Another 
effect of carbon monoxide is an increase in mitochondrial enzymic activity. 


which stimulates lipid synthesis within the artery (Whereat, 1970). It has not 
been possible to develop atherosclerosis in animals exposed to carbon monoxide 

V - . . 

without supplemental cholesterol feeding. 1005051134 

4. Examination of individuals who have been exposed to an environment 
of up to 1, 000 ppm carbon monoxide with car boxyh emoglobin levels of blood 
between 2 and 26 % for an average duration of 10. 5 years did not reveal any 
early development of arteriosclerosis (Prerovska and Drdkova, 1967 a and b; 
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1971). The average values of serum lipid levels did not exceed the normal 
range. The results of experiments on rabbits do not apply to epidemiologic 
surveys in humans. • 
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V F. Diced C ells and Plasma 

Exposure to carbon monoxide causes an increase in platelet adhe¬ 


siveness in atherosclerotic patients fEl-Ebrashy etal, 1967) and in rabbits 
(Birnstingl ct al, 1971). There is also an increase in fibrinolytic activity in 
patients suffering from carbon monoxide poisoning (El-Attar, 1968 a and b) 
and in experimental animals (Candura and Craveri, 1964). However, none 
of these effects have been encountered as a result of cigarette smoking. 

The concentration of enzymes in the blood reflecting cardiac andi 
liver damage have been reported in patients suffering from acute carbon’mo 
noxide poisoning (Ricci et al ,. 1964; Van Vugt, 1968; Duplay et al, 1967; 
Afans’ev, 1967; Gramer and Ruof, 1968; Muller and! Voigt, 1968; Prell- 




witz et al, 1970; Antes and Sevcik, 1971). 

Four groups of situations are characterized by a similar hematolo¬ 
gic response. They are as follows: 

1. Exposure to carbon monoxide in man causes an increase in the 
red cell andi reticulocyte counts and the serum globulin fraction (Coscia et al , 
1964; Tkachenko et al , 1966; Glass et al , 1968; Kjeldscn and Damgaard, 
1968; Bethlcnfalvay, 1971a). The erythrocytes manifest some differences 
from normal erythrocytes in s-taming (Blackmore, 1970; Bethlcnfalvay, 
1971b), denaturation of hemoglobin (Perrelli et al , 1970) and a change in the 
shape of the oxyhemoglobin dissociation curve to the left (Brody and Coburn, 


1969). 


2. In dogs, exposure to carbon monoxide increases hemoglobin 
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concentration (Asmussen and Vinther-Paulsen, 1949). This change is regarded 
as an important mechanism for tolerance or acclimatization to carbon monoxide 
(Otis, 1970'). A similar increase in hemoglobin and the red 1 cell count has been 
noted in other species, such as rabbits (Truhaut ct al ., 1968), rats (Ramsey, 

196 9), rhesus monkeys (Theodore et al. , 1971) , and squirrel monkeys (Jones 
et al . , 1971). 

3. Cigarette smoking causes an increase in‘the red cell count and 

in the content of these . I,' ; - ■ 

hemoglobin, whereas abstinence caused a fall/in humans (Eisen and Hammond, 

in i ' •• • 

1956; PincherLe and Shanks, 1967) and/hamsters (Reckzeh and Donlemvill, 1970). 

In another investigation involving smokers, the elevated' hemoglobin and 

red cell count were correlated with carboxyhemoglobin levels (Petrovic, 1970)'. 

A shift in the oxygen dissociation curve to the left has been noted in cigarette 

smokers (Gutenkauf et al . 1967; Birnstingl et al ., 1967). 


4. Patients suffering from myocardial ischemia wilti normal coronary 
arteriograms have been shown to have abnormal hemoglobin-oxygen dissociation 
(Likoff et al. , 1967; Eliot and Bratt, 1969; Guy et al ., 1971). There is no evidence 
that these patients sustain carboxyhemoglobinemia, nor is the ischemia associated 
with cigarette smoking. • 

The above examples are clearly different entities. Cigarette smoking 


is included'only in situation 3 and carbon monoxide in 1 to 3. 
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VT B. Eye and Visual Pathways 

Visual threshold is influenced by administration of carbon monoxide 
(see review by McFarland, 1970). McFarland et ah (1944) used a visual 
discriminometer and noted a change in visual sensitivity following exposure 
to 0. 01% carbon monoxide. There was a fall in threshold with a rise of 5 % 
in carboxyhemoglobin level in 2 subjects. JLilienthal and Fugitt (1946) noted 
in 5 subjects that increments of 5 to 10 % carboxyhemoglobin impaired the 



' critical flicker fusion frequency. Halperin et al, (1959) observed the recovery 
from the effects of carbon monoxide on visual function. Administration of 
pure oxygen resulted in an immediate improvement, and'the addition of 7% 
carbon dioxide to the oxygen hastened the elimination of carbon monoxide 
from the body, compared with the inhalation of air. 

In patients suffering from carbon monoxide poisoning the following 
effects have been reported: change in optically evoked response in the 


electroencephalogram (Helmchen and Kllnkel, 1964; Hosko, 1970); impairment 
of visual perception relating to lesions in the occipital lobe (Kuroiwa et al., 
1967; Szliwowski and Klees-Delange, 1970); visual agnosia (Zolotukhin, 1968:; 
Benson and Greenberg, 1969), retinopathy (Ileydenreich, 1970; Bilchik et al. , 


1971).and conjunctival hemorrhages (Prokop and Wabnitz, 1970); 


In laboratory animals inhalation of carbon monoxide leads to lesions 
which relate to those observed in human poisoning. In rabbits there is 
sludging of blood in the ophthalmic vessels (Taccola ct al., 1965). Diminution 


of evoked potentials in the visual pathways occurs in cats (Ikeda, 1969) and in 
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VI C. Hearing and Auditory Pathways. 

The auditory and vestibular apparatus is less sensitive than the eye 
to carboxyhemoglobin Tibbling (11969) tested 25 human volunteers by the 
smoking of cigarettes. A rise in the blood level of carboxyhemoglobin to 
2* 5% did not influence vestibular nystagmus. Guest et ah (1970) administered 
carbon monoxide to produce levels of 10% carboxyhemoglobin in 8 subjects. 

No depression of the auditory flutter fusion threshold or of the critical flicker 
fusion threshold occurred. In the same subjects the oral administration of 
phenoharbital depressed both thresholds. 

Patients suffering from acute carbon monoxide poisoning develop 
the following disorders relating to the ear: abnormalities in hearing (Taniewski 
and Kugler, 1964a; Ilansz and Slyperek, 196 8; Kawamura, 1971); deafness 
(Morris, 1969; Fortunato and Catalano^ 1970); distortion of the audiometric 
curve (Taniewski and Kugler, 1964b; Fritschc, 196 9); and disturbance in 
cochleovestibular function (Cis and Perani, 1964; Mounier-Kuhn et ah, -1968). 
Industrial workers exposed chronically to carbon monoxide develop similar 
abnormalities in hearing and vestibular function {Stankovld et al, , 1964; 
Strzelczyk and Zcnk, 1964; Zenk, 1964; 1965; Sato, 1966; Mesolella et al. , 1970. 

In experimental animals the administration of carbon monoxide causes 
interference with the auditory and olfactory systems. There is depression of 
action potentials in the olfactory bulb of the cat (Ilall, 1970) and in the cochlea 
of the guinea pig (Frcigang et al. , 1968)\ The morphologic examination of the 


inner ear shows degeneration in the rabbit (Klitner. 1968) and in other animal 
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VI D 1 . Behavior of Man 


The effects of carbon monoxide on human behavior have been sum¬ 
marized by McFarland (195 2);, Beard and Grandstaff (J970) and! LaVerne (1 ^7.0). 

i ' ' ' • . - - • ;■ : 

Several reports have appeared which determine the blood level of carboxy¬ 
lic mo glob in that would influence functions of the higher centers of the central 
nervous system in man. The results are as follows: 

1. Sayers et a l, ( 1929) summarized the findings of an investigation 

in which 6 men were exposed for 4 to 7 hours daily over a period of 68 days 
to gasoline engine exhaust gas-air mixtures. Exposure to 200 ppm carbon '• y 

monoxide, resulting in blood levels of 20 % carboxyhernoglobin, caused'frontal 
heauache in 3-1/2 to 4 hours. Exposure to 300 ppm, producing a blood level 
of 30%, caused frontal and occipital headaches and vertigo after 3 hours. 

Nielsen' (1971): in another group of subjects with 25% to 33% carboxyhemoglo- 
bin noted an elevation'of body temperature. 

2. The control precision and multiple limb coordination are impaired 
when the concentration of carboxyhernoglobin in the blood exceeds 5% (Trouton 
and Eysenck, 1961). 

3. Psychomotor abilities are sensitive to the presence of carboxy- 
hemoglobin. Ability to discriminate is altered at levels below 5%, while re¬ 
action time, static steadiness and muscle persistence are measurably altered 
by concentrations of up to 20% (Schulte, 1963). There was no difference between 
the test results in nonsmokers and those in smokers. 

4. The ability of subjects to estimate time intervals of 1, 3 and 5 

4 . 1 ■ ■ ’ : h ♦ V '\ ~ . s r 

seconds was not impaired by exposures to as much as 20% carboxyhernoglobin. „ 
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Levels between 20 and 30% caused! interference with visual evoked response 
and impairment of manual dexterity (Stewart ct al, , 1970). 

: 5. Estimation of time and 1 tracking performance was not influenced 

by exposure to 125 ppm. carbon monoxide with a mean of 6. 64 % earboxyhcmoglobim 
(Hanks, 1970; Mikulka et al. , 1970; O'Donnell et all., . 1970, 1971 a and b); 

6.. .Levels of carboxyhemoglobin below 10% influence the results of 
tests for automobile driving performance (Ray and'Rockwell, 1970). 

7. Levels of 6. 6% carboxyhemoglobin caused a reduction in the ability 

of the subjects to identify signals. This effect on vigilance did not appear with 
2.3 % carboxyhemoglobin (Horvath et al. , 1971). ' 

8. Exposure of students to 100 ppm carbon monoxide for 2". hr, with 
mean levels of 7. 2 % carboxyhemoglobin, resulted in diminution of manual 
dexterity, visual perception and ability to learn and perform certain intellectual 
tasks (Bender et al ., 1971). There was no discernible difference between 
smokers and nonsmokers with regard! to their psychological susceptibility. 

9. Ramsey (1972) exposed 2 0 normal subjects and 20 patients with 
pulmonary emphysema and 20 with anemia to inhalation of 0. 03% carbon monoxide 
in air for 40 min. The mean increase of 4.5 % in carboxyhemoglobin caused a 
diminution in the speed of reaction to a visual stimulus but no significant change 
in tests for depth perception and for visual discrimination of brightness. 

10. The only observations relating to cigarette smoking pertain to high 

altitude. Kratochvil et al. (1957) tested smoking at a level of 18^000 feet. 

while hypoxic 

There was only a slight decrement in performance of subjects when smoking/at 
• migh altitude compared with that of the hypoxic controls. Astrup ct al. (1971) ^ 
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reported on a patient who suffered from mountain sickness over many years. 
The attet g ns were provoked, either by cigarette smoking or by inhalation of 
0.5% carbon monoxide.' There are no other reports of such patients with 
mountain sickness induced by tobacco smoking. It is possible that these res¬ 
ponses may relate to changes in cerebral blood flow described by Demange 
and Auzas (1969). 
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VI E. Behavior of A limals 

The effects of carbon monoxide on the behavior of certain animals 
have been described, viz, , on that of rats (Beard and Wertherm, 1967; Gold¬ 
berg and Chappell, 1967; Teichner, 1967; Stupfel et al, 1968; Khachaturiyan 
et a I , 1969; Rose et al , 1970; Stupfel and Bouley, 1970; Necas and Neuwirt, 
1971), mice (Hirate, et al, 1969; Gaums et al , 1971), dogs (Carding, 1968; 
Preziosi et al , 1970), monkeys (Back, 1969), and laboratory animals (Fazekas, 
I 967 ). The morphologic and functional features of the brain have been des¬ 
cribed, resulting from exposure of various animals to carbon monoxide, viz, 
rats (Thomas and Pearse, 1964; Miyagishi and Hiyashi, 1968; Miyagishi and 
Suwa, 1969; Takahata and'Miyagishi, 1969), mice (.E 3 tier et al, 1971A), guinea 
pigs (Kupfer and Wunscher, 1968), cats (Ando et al, 1969; Barrios et al, 1969), 
birds (Dugnat, i960), and frogs (Segal, 1970). The bra in exposed: to carbon 
monoxide shows a reduction! in content of gangliosides'Mawatari, 1970), accu¬ 
mulation of ammonia (Okunyev and Prokhorenko, 1965; Mishchenko and Fren¬ 
kel, I966), decrease in catecholamines (Marks and i Swiecicki, 1971); decrease 
in serotonin (Pare et al , 1969), and decrease in glycogen (Estler et al , 1969,. 

1971 b) • The relationship of these results to the behavior pattern has not been 
elucidated* 
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VI F. E lectroencep halogram in Man and Ani mals 
All of the available information regarding the effects of carbon mo¬ 
noxide on the electroencephalogram relates to high concentration of the gas 
in the blood* In rabbits, levels of 45% and 74% carboxyhcmoglobin were used 
respectively by Kumura (1967) and De Valois and Scha.de (1967). With these* 
high concentrations there are various effects: shortening of the hippocampal 
electroencephalogram, appearance of slow waves in the neocortex, hypothal- / ; v 
mus and caudate nucleus, and increase of the threshold of the arousal reac¬ 
tion.in the neocortex. In rats, a decrease occurs in the amplitude and fre¬ 
quency of elec trical cortical activity (Fod'or et_al, 1964). 

The electroencephalogram of patients who become unconscious as 
a result of carbon monoxide poisoning shows the following changes: appear¬ 
ance of slow waves (Faure et al, 1965; Revol et al, 1966; Sasaki et al, I 966 ); 
low voltage fast waves (Tatetsu et al , 1968); delta waves (Mann, 1965; Tatet- 
su et al, 1967a); reduction in fast waves accompanied by rapid eye movement 
(Karacan et al , 1971);; and a decrease in' cortical evoked! potential to photic, 
somatosensory and auditory stimulation (Kuroiwa et al , 1968). Most of these 
abnormalities remain even for two to five years after the acute exposure to ' 

carbon monoxide (Orioli and Cattania, 1965; Geier, I 966 ; Inanaga et al, 1966a 
and b; Revol et al , 1966; Sasaki et al, I 966 ; De Valoisaand Schadcf, 1967; 

Tatetsu et al, 1967b; Harada and: Kozuma, I 968 ; Tomonari, 1968; Grohme 
et al, 1969; Yasuoka, 1970; Harada et al, 1971; Totsuka et al, 1974). 
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VII. OTHER ORGAN SYSTEMS 

The investigations of the effects of carbon monoxide on organs other 

than the respiratory, circulatory and nervous, systems are reviewed! in this 

section. Two topics are remotely related to cigarette smoking and the 
■. c?i ch 

coverage as confined to a bibliographic His U;. the: effects of carbon monoxide on 
hepatic cells (see additional biibliogra nhic li st no. 12) and on: unicellular 
organisms and lower vertebrates (see and Ulonal bibliographic list no. 13 ) ., . 

VII. A. Renal System 


Some patients with severe carbon: monoxidie poisoning dbvelop acute 
renal failure (Burck and'Poarlwich, 196*1; Nicolas and Nicolas, 1964; 

Kobulniczky and Koncz, 1966; V/ijjdevelrl, 1968; Lccnowicz, 1967;; Linton et al.', 

1968; Quintana et al. , 1969; Crosse and Neuhaus, 1970; Wojjcz-uk and Chylak, 

1971)l The mechanism for the development of acute renal failure is believed 

to be other than hypoxia alone. Pauli et al . (1968a); noted a difference in the 

renal function of normal subjects at a high altitude (3,454 meters above sea 

level): for TO days and that of 6 subjects exposed'to carbon monoxide for 10 days 

with a carboxyhemoglobin concentration! of 15 %. : In the presence of carboxyhcmogl obin 

there is an in crease of glomerular filtration rate with renal plasma flow remaining 

unchanged. This combination was interpreted: to mean constriction of the efferent 

vessels with dilatation of-lhe afferent arterioles. On the; other hand, hypoxia 

caused an increase in renal plasma flow with an accompanying change in 

glomerular filtration rate in the same direction. In the same group of subjects, 

renal tubulftr electrolyte handling was' consistent with the primary 
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elevation of glomerular filtration rate during exposure to carboxyhemoglobin 
(Pauli ct aji. , 1968b). There was no increase in urinary elimination of protein 


(Steiner el al„ 1971). 
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VJ.I B. Pregnancy 

Accidental carbon monoxide poisoning in a pregnant mother has been 
known to cause fetal death (Goldstein, 1965; Kells, 1969; Stokowski and K^siak, 
1969). There is a report of a case without fetal abnormality (Larcan et al. t 1970). 
Most other reports describe brain lesions in babies born of mothers who have 
suffered from carbon monoxide poisoning (Bankl and Jellinger, 1967; 
Kamraj-Mazurkicwicz, 1967; Szilagyi, 1967; Beaudoing et al., 1969; Matsuyama, 
1969). T' V .. . ' • 

The diffusion of carbon monoxide across the placenta has been f 

investigated in the sheep (Metcalfe et al., 1965:;. Longo et al ., 1967. 1969; . 

Longo, 1970; and PLedelik vre et al ., 1969) and in humans (Gemzell et al ., 1958; 
Friberg et al ., 1959). Small quantities of carbon monoxide have been administered 
to pregnant women for measurement of the diffusing capacity of the placenta 
(Delivoria-Papadopoulos and Coburn, 1972). The radioactive form of carbon 
monoxide administered by inhalation has been used to localize the placenta in a 
mother close to parturition (Glass et al. , 1968; Hakim, 1970); 

Carboxyhemoglobin levels in maternal and fetal blood have been 
measured by several investigators (Table 7). The levels in mothers who smoked 

X:.. ' 

were higher than in those who were nonsmokers. 1005051166 

Respiration in infants of mothers who smoked took longer to establish 
Tanaka, 1967; Scoppetta, 1968). 

than in those of nonsmokers (Heron, 1962;../ There was a higher incidence of 


prematurity among mothers who smoked (Girond, 1967) and a higher neonatal . 

■ ' ' - . ■ 

mnrlalily rate (Comstock ct al. , 1971). The period of gestation is 29 to 34 hou rs 
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shorter for smokers than for nonsmokers (Buncher, 196 9), The birth weight 
of babies born of mothers who smoked was lower (Ivlantell, 1964; Bari baud et al. , 


1970; Murphy and Mulcahy, 1971; Astrup ct al ., 1973). 

There Is a rise in ca rboxyhemoglobin level in the blood of the newborn^ 


Behrman et al . (3 971) have noted a mean rise of 6. 98% in 16 newborn infants, 
which related to the level of pollution in the nursery. When the concentration 
of carbon monoxide exceeded 20 ppm, there was a decrease of 11. 4 %, in the "i 

oxygen-carrying capacity during the first 24 hours and a decrease of 13'. 9% 
during the 25 to 85 hours after birth. These changes do not correlate with the 
history of maternal smoking and are caused by the concentration of carbon 
monoxide in the atmosphere. 

The effect of carbon monoxide alone on the birth weight of rabbits has 

and in rats by Younoszai et al ( 1969). 

been investigated by Astrup et al . (1972)/ An exposure to 90 ppm carbon monoxide 

in the blood 

resulting in 9 to 10 % carboxyhemog 1 obin/caused a reduction in birth weight and 
an increase in neonatal mortality. The influence of a level of 5% carboxyhemoglobin 
was not investigated. • 

(Table 7 appears on the following page.) 
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Table 7. Carboxybemoglobin levels of fetal and maternal blood. 
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Nonsmcl: 
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tear) 

No of 

f prin 1 

Fetal 
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Maternal 1 

Fetal 



mothers 

Mean i SD 

(Range) 

Mean ± SD 

(Range ); 

mothers 

Mean ±SD 
(Range) 

Mean 

± SD 
(Range 


Haddon, Nesbitt and 
Garcia (1961) 

7 


(0. 1-3. 1) 

(0. 2-2. 8) 

12 

(0.1-8. 4) 


(0. 1-9. B. 

Heron (1962); 

27 

2.6 

(0. 4-4.4)2: 5 

(0. 2-3. 6) 

21 

6.7 (1.6-14) 

5, 0 

(1. 1-9. 2 ) 

Young and Pugh (1963) 

9 

1. 6 ±0.42 11. 61 

± 0i 37, 

6 

2. a ± 0. 77 

2.4 

± 0, 74 

Bjure and: Fallstrom 
(1963) 

8 

i.'o 

(0.7-1.43)1.15 

(0.77-1. 64)' 





Younaszai, Kacic and 
Haworth (1968) 

11 

1.2 

(0-3) 0.> 

(0-1.5) 

10 

8,3 (2-12) 

7.3 

(2-10) 

Cole, Hawkins and 
Roberts (1972) 

129 

1.2 

(0-2.4) 2.2 


93 

4.1 (0.5-14)^ 

7,5 


Astrup, Trolle, Olsen 
and: Kieldsen (1972) 

884 

Oi 87 



824 

1. 92 
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VTT C. Endocrine .System . . 

The sex organs in animals influienec. the survival 1 rate in carbon 
monoxide exposure, Stupfel et al 1 . .(1971) noted a higher mortality in male 
than in female mice and that cast ration increas ed the mortality in the female. 
The mechanism by which estrogens and progestogens increase the tolerance to' 
carbon monoxide poisoning is not known. On the other hand, carbon monoxide 
in vitro depresses some of the enzymes that are involved in the biosynthesis 
of estrogen (Meigs and Ryan, 1971).. The structure of the ovary was unaffected 
and all the stages in the development of the ova were noted in rats exposed to 
carbon monoxide in vivo (Mamatsashvili, 1970), The effects of carbon moioxide 


on male fertility are uncertain (Willgens, 1966). 

Adrenalectomy increased the mortality of rats and mice in response 
to carbon monoxide (Pukhov, 1964). In animals with adrenals intact, adrenal 
cortical activity is stimulated bv exposure to carbon monoxide (Katsuki et al . , 
1966; Hanke and Kicres, 1967). Stimulation of the adrenal medulla also occurred, 
which' contributed to the hyperglycemia {.Bout c.t ali . , 1968; Hirano et al. , 1968). 
There are substances in the rat adrenal gland which combine with carbon 
monoxide (Harding et al„ 1964; Wilson and Harding, 1970). The role of these 
substances in mediating the stimulation of the adrenal gland and in reducing 
the lethality of carbon monoxide has not been considered. The reduction in 
rate of growth' of rats exposed to carbon monoxide is associated with a decrease 
in activity of the thyroid gland (Truhaut ct al ., 1965; Pogrimd, 1969). 

The inhalation of carbon monoxide in human subjects causes an . 
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elevation of blood sugar (Hivano el: al, 196 7; Nakao, 1969)- The hypergly¬ 
cemia induced by cigarette smoking is believed to be due to nicotine stimul'a 
tion of the adrenal medulla (Haggard 1 and 1 Greenberg, 1934 ). The contribu¬ 
tion of carboxyhemcglobin derived from cigarette smoking has not been 
estimated. 
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VIID. Bone, Musc le and Skin . 

rhoi'c is a deposition of hone in soft tissues in patients who 1 suffer 
from carbon monoxide poisoning (Ri, 1966; Mourcn et al,, 1972). The 
mechanism lor this deposition is not known. In the laboratory, carbon 
monoxide has been used as a tool to lest the polarizing power of bone mineral 
(Nash and Beebe, 1969). . 


Some pati ents suffering from acute ca rbon monoxide poisoning 
develop contractures of the skeletal muscle (Hows e and Seddon, 1966; Kolb, 
1968). Three factors contribute to the development of contracture:. 

(1) ischemia due to reduction in blood oxygen: content; (2) hyper excitability 
of neuromuscular junction (Paris, 1964); and (3) binding of myoglobin with 
carbon monoxide (Rossi-Fanellii and Antonini, 1958; Wittenberg et al. , 

1965; Gladyshevskaia et al., 1966; Coburn and Mayers, 1971; Rudolph, et al. , 
1972); 


The cutaneous lesions in a patient with carbon, monoxide poisoning 
are varied. They include bullae, subepidermal vesicles, intracellular edema 
and occlusion of the epidermal portion of sweat ducts (Jopkiewi.cz et al. , 1965; 
Long, 1969; Leavell et al, , 1969; Ippen and Goerz, 1969; Baden, 1970; Achten 
et_al. , 1971); Erythema of the face associated with a cherry-red color of the 
blood is a classical diagnostic sign of poisoning with carbon monoxide (Danto, 
1964). 
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VIII. carbon monoxide POISONING. 

It is rather a remote possibility that cigarette smoking may cause 
death by carbon monoxide poisoning* J There are publications on the 

diagnosis and treatment of carbon monoxide poisoning, both accidental and 
industrial. The additional bibliography lists relate to the following topics: 

Accidental poisoning involving carbon monoxide and other causative 
factors (no. 14). * . 

Accidental poisoning involving carbon monoxide (no. 15). 

Industrial poisoning involving carbon monoxide (no. I6)v * 

Therapy of carbon monoxide poisoning (no. 17). 

Therapy of poisoning by use of normobaric and hyperbaric 
oxygen (no. 18)1. 
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(1) SMOKING AND Hi.ALTH: Report of the Advisory Committee to■ the Surgeon 
General of the Public Health Service, 344-5, 


SMOKING AND ACCIDENTS 

Smoking- lias been associated with a variety of accidents. Among these, 
fir^s have the most obvious and important consequences* 

In a sped a 1 study of home accident fatalities in 1952 through 1953, the 
Public Health Service and the National Safety Council reported that 231 
(lC r c) of 1,271 deaths from fires of known origin were due to cigarettes, 
cigars or pipes ID, 

The Metropolitan Life Insurance Company reported that of 352 deaths in 
1936 and 1957 among their policyholders from fires and burns with known 
causes in and about the; home, 57 (16fc) were due to smoking (2). 

Of physiological responses related to driving, smoking degrades delectably 
only the differential brightness threshold and this effect increases with 

{"amount of smoking id). The cpidcmiologfcal data available on the effects 
^ ^of smoking on traffic accidents are inconclusive. 

“ It has been; shown that a Uwel of carboxvhemoglobin of 5 percent a level 
which is not uncommon among heavy cigarette smokers (3, 6)---depresses 
visual perception to as great an extent as anoxia at 3*000 to 10^000 feet 
.altitude (4, 5). 

1. Home Accident Fatalities: 1952-1953. National Office of Vital Statistics, 

U.S* Public Health Service, 1956. Mimeographed rcporU Table 12. 

2. How fatal accidents occur in tire home. Metrop Life Insur Statist Bull 40: 

6-3, Novernber-Deccrriber, 1959. 

3. Larson^ P. S., Hacg, H. B., Silvette, H. Carboxy-hcmoglobin, p. 107-110. 

Tobacco: Experimental and Clinical studies. Baltimore, Williams and 
Wilkins, 1961. 

4. McFarland, R. A., Moselfey, A. L. Carbon monoxide in trucks and buses 

and information from other areas of research on carbon monoxide, 
altitude and cigarette smoking. In: Conference proceedings: Health, 
medical and drug factors in highway safety. National Academy of 
Sciences—National Research Council Publication 323, 1954. Sect. 
4.17-4.33. 

5- McFarland, R. A., Roughton, F. J. W., Halperin, M. H., Niven, J. I. The 
effects of carbon monoxide ana altitude on visual thresholds., 3 Aviat 
Med 15: 6, 331-94; 1944. 

6. Schrcnk, H. II. Results of laboratory tests. Determination of concen¬ 
tration of carbon monoxide in bibod. Pub Healtu Bull 2y8 : 36—49, 
1942. 


(a) The epidemiological data reported by Boeck (1948) indicate that cigaret¬ 
te smoking is not responsible for the occurrence of vehicular accidents and poor 
driving (see page 37). 


(b) A more recent report by Bender et all (1971) states that exposure to 100 
ppm carbon monoxide for 2-1/2 hours, with mean blood levels of 7.2% carboxy- . •' - ; • 
hemoglobin, diminished visual perception. There was no difference between smok- : 
ers and nonsmokers with regard to tlvcir susceptibility (see page 88). 
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Source: https://www.industrydocuments.ucsf.edu/doGs/hfm 
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(2) NATIONAL CLEARINGHOUSE FOR SMOKING AND HEALTH: The health 
consequences of smoking, 62-4, 1967. 


Carlo* Mop. oxide Effect 

The-gaseous phase.of cigarette smoke contains.about 4 percent ear- 
pboii' monoxide. This quantity can iucrenre the levels of carboxyhcmo- 
jjglobin saturation of cigarette smokers from 2 percent to 10 percent 
(3^)• I’he. average p.rmsmoknr, depending on environmental'exposure! 

•.usually has less than 2 percent o a r! .>o x y h e m og h/h i n saturation (10). 
fSinco smokers of one pack or more, a day may have chronically elevated 
jcarboxyhemoglobm levels of more than 4 percent (0), there may be 
appreciable differences in the carboxyhemoglobin levels between some 
. heavy cigarette smokers and nonsmokers. • 

(a.) The c a r boxyhemoglobin blood levels of cigarette smokers expressed as 
ranging from 2% to 10% is not a.n accurate statement. A survey of the literature 

reveals 30 investigations with an overall mean level for 2, 054 smokers of 3.76% 
in the blood taken 4 to 12 hours after smoking. Only 30% of subjects have levels 
exceeding 5% (see pages 12 to 14). The peak levels after smoking one or more ci¬ 
garettes had a mean of 5. 26% (see page 20). A more accurate statement would be 
based on integration of levels taken at hourly intervals but such information is not 
available. 

In addition' to displacing oxyhemoglobin, carbon monoxide effects a 
shift in the oxygcn-hemoglhbin dissociation curve (-, L 4 •h r >). TliW 
may result in a decreased release of oxygen at the tissue level. A scries 
-of studies (67, 02) has been performed on young adults to analyze 
the effect of cigarette smoking on carboxyhenvoglobm levels, and the 
consequent effect on some parameters of cardiopulmonary function. 

An increased post exercise oxygen debt was observed after cigarette 
r smoking as compared to controls. This, in part, may reflect not only 
1/ ventilatory disturbances but also a decreased supply of oxygen, in 
" the blood due to the carbon monoxide effect, resulting in less aval.able 
oxygen to meet the increased tissue dfcmcmd! Similar post-exercise 
oxygen debts have been noted after inhalation of enough carbon 

• monoxide to produce comparable blood levels of carboxyhcmoglobm 

m- i 


(b) Inhalation of carbon monoxide in man, with blood levels of 5% to l-Q'% carboxy- 
%crraoglobin does not influence ' ventilation. Ayres et al (1965) used short-term 
exposure and Astrup et al (1968) exposure for 8 days (see pages 42 and 45). 
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Commentary (2) National Clearinghouse, Cont. 


Tho consequence of the nnoking/carbcm monoxide effect appeal's to 
bo especially impirtant. in the myocardium where relatively more 
oxygen is normal H* extracted from tho .coronary circulation as com¬ 
pared to other organ systems, (Coronary venous bihod usually lias 
an oxygen, saturation oflbss than 25 percent, whereas blood leaving 
some other organs is about 75. percent saturated with oxygon (^5).) 

Dogs were -exposed to carbon monoxide to; vv-vate-tlicir carboxy- 
hemoglchin saturation levels (X?). In response to inhalation of carbon 
. monoxide there was an increase in coronary blood flow but a decrease 
in coronary arterial-venous oxygen differences. Patients with coronary 
(heart disease were also studied following inhalation of enough carbon' 
hrmnoxicH to elevate their carboxyhemoglobin saturation levels to the 
Jrange of 5 to 12 percent (0). In'response to carbon monoxide there was 
generally an increase in. the cardiac output and! the coronary blood 
flow in most of the patients, Y/iiUe the systemic arterial-venous oxygeni 
differences varied, cither increasing or decrcaringj tho coronary ar¬ 
terial-venous; oxygen differences decreased, indicating a decreased 
oxygen extinction! by the myocardial tissue despite the myocardium^; 
increased 1 demand for oxygetn Tlieso decreases in myocardial oxygen 
extraction are related to increases in the carboxyhemoglobin satura¬ 
tion levels. It was observed that some patients evidently could com¬ 
pensate by increasing tlieir coronary blood flows adequately to supply 
the myocardial tissue with sufficientoxygen, as indicated by a rise in 
myocardial oxygen uptake in these individuals. However, the other 
patients with coronary heart disease, evidently more scvciv, could not 
increase their coronary, blood flow rate enough to compensate for the 
decreased nxygpu carried by tho blood* This latter group of patients, 
even though they had increased cardiac output, had less significant 
increases of coronary blond. llbw than thoso,noted in tiler first group 
of patients. The coronary arterial-venous oxygen differences and tile 
myocardial tissue oxygen uptakes hotIi decreased, indicating that the 
myocardial tissue oxygen demand was not being met entirely. 




frf 

... 
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(c) The experiment cited in the above paragraph specifies an increase in 
cardiac output with a carboxyhemoglbbin. value of 5 % to 12%. Experiments by 
Brody and: Coburn (1969, 1970) and Klausen et al ( I 968 ) did not show an increase 
in cardiac output following either acute or chronic exposure of human subjects 
(see page 56)* Experiments on animals show myocardial lesions with exposure 
exceeding 50% carboxyhemoglobiiv (see page 5T)u 


Tho rvductlion in the amount of oxygen availablfeto the myocardial 
tissuo caused by tho absorption'of carbon monoxide from tobacco 
smoko may be especially critical in persons with pre-existing coronary 
heart disease, especially wlicu they caiumt significantly increase coro- 
nary blbod flow to compensate for increased myocardial tissue oxygen 
demand. The carbon monoxide effect may, in part, contribute to the 
increased incidence.of myocardial infarctions that occur in cigarette 
smokers. Additional research is needed. 


sfjf 






(d) Carbon monoxide does not contribute to the increased incidence of myo¬ 
cardial infarction that occur in cigarette smokers. Haywood et al (1972) could not 
find a clfcar-cut relationship between carbon monoxide levels and incidence of acute 
infarction. De Bias et al (1972) exposed dogs with experimental myocardial infarc¬ 
tion to 100 ppm carbon monoxide (14!% carboxyhcinoglobin) for 14 weeks and did not 
observe air increase in severity of myocardial liyposia (sec page 61 and 62). 











source: nnp^/7www.industrydocuments.ucsreciu/aoc 
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Page 120 

Commentary (3) National Clearinghouse, Cont . 

. Anomalous lie morrh'biti-oxygen dissociation was noted in. “heavy* 

Ligarette smokers (imore than one park per day) without. known ooro- 
£*Inary heart disease. In expot iments where tlic amount of cigarette >mok- 
ing was cont rolled, there appen red t o .he a 1 llroshoIU el'ret • more tluiul- 
jo: garotte 3 per day caused this:anomalous di??ocinriatv to occur Q^Y 
!Bi rusting] ^5>y'V reports finding- an increased hemoglobin; affinity for 
oxygen in smokers.,.which does not.appear to bo explained solely by 
the increased carboxyhemoglobin ltwclfc in smokers. 

Research to further study; the interrelationships of carbon monoxide 
to the.myoglobin: of heart muscle should ho performed because it is 
possible that carbon monoxide may replace oxymyoglobin with oar- 
boxy myoglobin- ar.d,<disturb the oxygen-dissociation! phenomena of 
myoglobin The limitatimisof MUid Mtpply and flu- high 

. energy output of heart muscle as compared to skeletal muscle may 
make the myoglobin' impairments by. carbon, monoxide of possible 
etiologic importance in cigarette smoking and heart disease. 

Hydrogen cyanide appears to be rapidly converted to thiocyanates 
by the body, but tile absorption by i ho lung of cyanide from cigarette 
smokv, might possibly result m highcr £erimi cy:midelevid3 in the coro¬ 
nary arteries tlmm hr the systemic circulation. Vs noted in the 1004 
Report^ the cyanide ion is capable of stopping cellular respiration 
abruptly tliruitgli inactivationi of cytoelirome oxidtise. In sublctllal 
exposures, the cyanide ion is gradually released'from itis couihination 
with the ferric ion of cytooltromo oxidase, converted to thiocyanate ion 
and excreted in tlavurine. Th i oey ana Tc blood'd eve Is in smokers are three 
times liigb.or than in nonsmokers and relative differences in urinary 
excretion are even more pionounecd. Cytochrome oxidase is very, im¬ 
portant in'cellular respiration of all body cells. In view of tile ex¬ 
tremely high myocardial eenulur needs for aerobic metabolism* it is 
possible that tko cyanide ion inactivation of cytochrome oxidase also 
can occur in myocardialleells and bo of critical importance, especially, 
in light of other risk factors; such as impaired coronary blood 
flow, tho carbon monoxide effect, and the known increases in myo¬ 
cardial tissue oxygemdemand caused bv tho smolcing/nicotihe-induced 
catecholamine release. Further rescarch is needed tb determine whether 
or not cyanide ions in concentrations equivalent to those found in 
cigarette smokers, have a harmful effect on the myocardium, in terms 
of bolJiiacute and chronic exposures. 

(a) The statement that . '» relates directly to cigarette smok¬ 

ing is that of Birnstingl is entirely wrong and has completely reversed the meaning 
intended by that author. In the original publication of Birnstingl, Cole and Hawkins 
(1967);, the increased oxygen affinity of hemoglobin in the blood of smokers could be 
"almost entirely due to a raised carboiv monoxide hemoglobin level". A copy of a 
summary of the article which appeared in Brit J Surg 54:6 15-8, 1967, follows: 

‘.-•'Ay male stihjeeis ;c*vcr .jo years of age have a 
’ - ^y?en a:Tiriitv \vh:Ji is s-rerrrer than that of a 
similar groirp rr.Jcr this ^c. 1 Ins would result in a 
shill to the left of the■ OAyh.iemoylohin dissociation 
Cii i vc. 

Cigarette %m»!:vrs also have an iiicrcjvcd oxyr.cn 
affinity,, but tiii> K alinn*,t cnu.-vly due to a 1 raised 
carbon m"noxiiU- haemoglohiii level. 

l\uicnt> wall' liuere.crV disease have a normal 
oxylui-moglnbin dusneiation curve, if are aiulismok- 
ing habits are taken into aciamim Irtirthennure, 
their oxyhaemu jlubin di^ociirion dues not appear 
la He more sensitive to th.-ufeels of eiparvtle imnke 

IUin nurmil - .-..h kJ m ln-. j..-- ... ___ 
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page j63 


(27) GIEL B G : 
1965 . 


' Air P° illltlon aild your lungs! Public Health News; 46: 246-53, 


FACTS ABOUT SPECIFIC AIR POLLUTANTS' 
Carvcn Monoxide- -* 

• • Oj'b« T ™aB, h us . y cl 

n-any s,no.-.er.; are unaware that a.-nrovin.^clv 
scvcn> to cf"h: percent of their hc^oblnt^t 
boujui » caruosyhcmorteUin. if in the wean. tW 
rNi' 1 . ai . S ‘ : '- ; V ULi ^ develop vascular insuili- 
% ° ° rr : an; * be forced to breath 

, r ! a,r COn “' l,nH ? 30 PP* of CO for four to 
ff J , rs or ” ctt - n ‘"to art atmosphere where he 
' ,0Uld ^-^posed to 120 ppm CO for on: hour, 
he wcitiu bmd an additional five percent of his 
I1eir.03lo1.1a and could suffer tragic results. 


. T ? e flS f C of 7% t0 8< * c 2 .rbo::yhomoglobin among smokers is an over- 
estiK.u.*:on^ A review of the literature shows an overall mean of 3. 76% for 2, 054 
smokers 4 to 12 hours after smoking, and a peak level of 5. 26% after smoking 

(see pages 12 to 14 and 20 to 21 ). b 
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Commentary (4) National Clearinghouse, Cont. 

j • . 

.Most of the references cited are review articles which arc commented upon 
under Bartlett (page 153 );, Goldsmith (page loo ), and Dinman (page 160 ). The 
only original work referred to is by Eliot et al , which is a personal communica¬ 
tion to the National Clearinghouse* 




(5) NATIONAL CLEARINGHOUSE FOR SMOKING AND HEALTH: The health con- 
st-quencos of sinking . A report to die Surgeon General: 1971. 59-62, lyVJ 


Cardiovascular Effects of Carbon Monoxide 

£ Carbon monoxide (CO) is a colorless and odorless gas, low 
levLs ol winch have significant ouecis on human amlaiiimal physi¬ 
ology which are just now beginning to br understood. According 
to Wyr.der and Hoffmann it is. present in cigarette smoko 

in concentrations of approximately 2.9 to 5.1 percent. The concen¬ 
tration of CO ini smoke is subject to. many factors, among them 
the typo of tobacco and the porosity of cigarette paper. The con¬ 
centration of CO in smoke has been, found to increase significantly 
toward the last puffs of the cigarette. 


(a) This paragraph states the 
smoke but omits mentioning the fact 
dead space air and alveolar air. 


concentration of carbon monoxide in cigarette 
that the smoke is diluted: with atmospheric air 


According to Chevalier, et alt Ql), a concentration of approxi¬ 
mately 4 percent CO in cigarette smoke will produce alveolar levels 
of around0.01 percent which, equilibrated with hemoglobin, result 
in carboxyhemcgiobin (COHb) concentrations of from 3 to 10 per¬ 
cent. A number of investigators have compared COHb levels in 
smokers and nonsmokers. Goldsmith and: Landaw (fO;) reported 
the analysis of expired air samples obtained from 3;311 longshore¬ 
men. Using a. regression analysis, they calculated the concentra¬ 
tion of COHb and found that nonsmokers showed levels of 1.2 per¬ 
cent while those smoking over 2 packs per day had levels of 6.8 
percent and that smokers of lesser amounts had intermediate 
levels. Occupational exposure accounted 1 for the mean nonsmokers’ 
level being over 1.0 percent^ an unusual finding in comparison with 
other studies. Kjeldsen (fhl)/interviewed and obtained blood 
samples from 934 CHD-free smokers and nonsmokers. The mean 
COHb level for 196 nonsmokers was 0.4 percent while all 1 inhaling 
smokers had a mean level of 7.3 percent. AH 416 cigarette smokers, 
regardless of inhalation or amount smoked, showed: a mean level 
,of 4,0 percent, /' 


(b) Chevalier et al (1966), cited in the opening paragraph, did not analyze 
alveolar air. They expressed the opinion that 4% carbon monoxide in cigarette 
smoke would result in a concentration of 0.04% after dilution. Jongbloed (1939) 
analyzed: the alveolar air of a smoker after the 4th cigarette; the peak level was 
0. 003 1% (see page 19). 


The results of Kjeldsen (1969) have been misquoted. The blood 1 level of car- 
boxyhemoglobin in 934 subjects free from coronary heart disease had the following 
mean value: 0.4% for H*6 nonsmokers and 4. 2% for 738 smokers. Of the latter 
group the 121 light smokers had a mean of 2. 5%; the moderate smokers one of 


4. 1% and the heavy smokers one of 5. 7%. The figure 7. 3% appearing in the para- " 

^ g ra P h ^s for 


_____ ___ _ _ 
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Table. VI - I 1 


Page 124 


4 


QirboxyhaeriiOPibbm Serum cholesterol 

(vit. per ak-t) * (nm/lOOnu) 

Smoking 


cathegory. 

Controls 

Atherosclerotic 


Controls 

Atherosclerotic 




subjects 



subjects 

• 


M ± SD 

M ± SD 

Significance 

M ± SD 

M ± SD 

Significance 

Smokers 

4,2 ±3.1 

7,0 ±3,7 

p <0,00! 

247 ± 44 

290 ± 33 

p <0,001 ; : 


(733) 

(57) 

(t = 5,52) 

(738)’ 

(57) 

(t * 4,89) '••/ 

Non-smokers 

* 0,4 ±0,9 

0,5 ± 0,7 

n.s. 

236 ± 49 

284 ± 56 

p= 0,02 ;; 


(196) 

(2) 

(t = 0,16) 

(196) 

(2) 

(t = 2,32) 

Table V!-ll: Av 

erage values of ca 

rboxyhsemogiobin end 

serum cholesterol 

in smokers 

end non-smokers in the 

control (jroup and in 

the group .with a 

therosclerotic cardiovascular diseases. 






n.s. - not significant at the G f 05 level. 

Hie number of subjects in each smoking catliefory is given below the means and standard deviations. 







Table VI - 

12 


o 

o 



Cuboxy haemoglobin 




cn 

o * 





Scrum cholesterol 

cn 

Smoking 


(sat. per cent) 



(mg/100 mi) 

b* 

b* 

QD 

.00 

cathcgory 

Controls 

Atherosclerotic 


Controls 

Atherosclerotic 

. 


subjects 



subjects 



M ±SD 

M ± SD 

Significance 

M ± SD 

M ± SD 

Significance 

Light 

2.5 ± 2.5 

3.7 t 2.5 

n.s. 

245 ± 33 

279 ±67 

n.s. 

smoken 

(121) 

(3) 

(t = 0,76) 

(121) 

(3) 

0 a 1.45) 

Moderate 

4,1 ±3,0 

7.3 ± 3.6 

P <0,001 

246 ± 45 

286 ±50 ^ 

p< 0,001 

smokers 

(463) 

(34) 

0 = 4,95) 

(463) 

(34) 

(t =4,52) 

Heavy 

5.7 ± 3,0 

7.0 ± 4.0 

n.s. 

253 ± 45 

2931 53 

p<0,05 

smokers 

(154) 

(20) 

(t - 1,45) 

(154) 

(20) 

(t = 2,1 S) 


Tuble Vl-L, Average \Jucs of c.ij boxy haemoglobin and scrum cholesterol related to intensity of smoking in normal smokers end 
in smokers with atherosclerotic cardiovascular diseases. 


n.s. ® not significant at the 0,05 level. 


tm .Hie number of subjects in each smoking category is given below the mean values and standarddcvfation*!• 
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Commentary (5) National Clc;tringhcmse, Cont. 
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Carbon monoxide has many varied and significant effects on 
human physiology. An overall review of these efleets may be found 
in a discussion by Lilienllval (T27% or more recently in an extent 
sive review by the United StalesUPnblic^Jcaxh Service National' 
Air Foilution Control Administration! Apart from its effects 

on respiratory and circulatory function,; CO has been found to 
altect certain central nervous system functions adversely. These 


effects are probably due to interference by CO with the proper 
oxygenation and oxidative metabolism of the tissue in question. 


CO interferes with oxygen transport in a variety of ways. First, 
the affinity of hemoglobin' for CO is approximately 200 times 
greater than its affinity for oxygen, and thus CO can easily dis¬ 
place oxygen from hemoglobin. Second, CO shifts the oxyhemo¬ 
globin dissociation curve. By increasing tile avidity with which 
oxygen is bound by hemoglobin, CO interferes with Oj release at 
the tissue level This is of greatest importance at the tissue level 
where the oxygen content of the capillary blood has been reduced 
to approximately 40 percent saturation. Here the shift can sub¬ 
stantially decrease the oxygen tension supplying the tissues. 

Third, and of more recent note, is the possible interference by 
CO with the homeostatic mechanism by which 2, S-diphosphogly- 
cerate (2, 3-DPG) controls the-affinity of hemoglobin for oxygen. 
Bunn and Jamil (J4) have recently reviewed the various experi¬ 
ments concerning this glycolytic intermediate. The question of 
whether the low- levels: of CO present in the blood of smokers can 
affect this homeostasis is presently under investigation UJ ),, 
and firm conclusions cannot be drawn at this time. 


(c) This is an incomplete list of review articles on carbon monoxide* 
Fifteen others are available (see pages 6 to 10). 


^ Apart from its effect on hemoglobin affinity, CO appears to 
induce arterial hypoxemia, and this may act as an additional cause 
of tissue hypoxia. Ayres, etal (TT;, jA ) observed unexpectedly that 
exposure of individuals to CO sufficient to raise their levels of 
COITb to between 5 and 10 percent was associated with a signifi¬ 
cant fall in arterial pO,. Greater fall in venous pO- was noted, 
but this was considered secondary to increased tissue extraction. 
In a recent article, Brody and Coburn suggested that this 

COKb-induccd arterial hypoxemia was due to the interaction of a 
number of factors, These authors noted that in the presence of 
i venoarterial shunts or of an imbalance in the ventilation-perfu- 
5; sion ratio, the shift in the oxyhemoglobin dissociation curve in- 
II creased the alveolar-arterial 0- gradient and resulted in arterial 


hypoxemia. The presence of shunts as small as 2 percent of cardiac 
output as well as of approximately 10 percent COIIb was found 
to cause an increase in the gradient. Such ventilation-perfusion 
(V/Q) abnormalities have recently been noted even in asymp¬ 
tomatic smokers (see Chapter on Chronic Obstructive Broncho- 
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Commentary (5) National Claarinrhouse,. Cont. 


o 


% normal individuals, coronary flow can increase to meet the 
increased oxygen demand^ of a stressed myocardium (as that 
under nicotine stimulation); wnilb in individuals with severe CHD 
coronary flow cannot respond as readily. In such cases, myocardial 
oriyrren extraction: must be increased 1 above the almost maximal 

extraction found at rest. Any interference with arterial oxygen 
levels or hemoglobin affinity could very well decrease available 
oxygen supplies below the level required for proper tissue func¬ 
tion. That this occurs is suggested by the experiments discussed 
below. N 

(d) The studios of Ayre s eti all (1*965, 1969) were performed in a non-steady 
state. These papers are discussed elsewhere in this commentary (page 148 )• 

& Chevalier, et ali ■'(Ti) exposed 10 young nonsmokers to CO con* 
centrations. suflicienti to induce COIIb levels of approximately 4 
percent. Taking measurements from blood specimens obtained at 
cardiac catheterization under resting and exercise conditions, the 
authors noted that the ratio of oxygen debt to oxygen uptake in¬ 
creased significantly ureter conditions of increased COHb. Accord¬ 
ing tb the investigators this implied that the same work was being 
done at a greater metabolic cost. These same anchors (T Si~122) J 
had previously noted similar findings among smokers and observed 
that cessation of smoking was;associated with a significant im¬ 
provement in oxygen debt accumulation. 

(e) ; The observations of Chevalier et ah were made not on blood but on al¬ 
veolar air analysis. The subjects inhaled 0.5% carbon monoxide* resulting in an 
indirectly measured blood value of 4% carboxyhemoglobin. There is a serious 
error here, since other investigators have obtained! 25% to 75% carboxyhemoglobin. 

More recent work by Ayres, ct ah has focused on the dlf- 
* ference in response to CO exposure between 7 normals and 4 pa¬ 
tients suffering from,CHD (proven artcriographically). The induc¬ 
tion of a COHbiconccntrationi of approximately 9 percent in the 
normals; was followed 1 : by an increase in coronary blood flow, a 
decrease in hemoglbbin-oxygcn percent extraction and no change 
in myocardial oxygen consumption, coronary sinus oxygen tension, 
aud lactate and pyruvate extraction ratios. The induction of simi¬ 
lar COKb levels in the CHD patients was followed b- no change 
in coronary blbod flow, a 1 decrease in the hemoglobin*-oxygen ex¬ 
traction ratio, and no change in myocardial oxygen consumption. 

However, these patients did: manifest a decrease in coronary sinus 
pO : as well|as a decrease in lactate and pyruvate extraction. The 
latter measures indicate that the myocardium was functioning 
under hypoxic conditions. Because the coronary flow could; not in¬ 
crease and because the myocardium could nob extract 0, from 
HbO- which was under the inflher.ee of CO, coronary sinus oxygen 
tension decreased to a point which could inactivate certain: oxida¬ 
tive enzyme processes. Thus, the myocardial function of persons 
with CHD may be unable to compensate for the stresses induced 
by smoking. 
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(f) The comments in paragraph (d); above apply to another publication by 
Ayres et al (19£>9)* These measurements were taken in a non-steady state after 
administering 5% carbon monoxide. 

et. Although CCIib levels resulting from the CO present in the 
0atmosphere during periods of'highi air pollution arc much lower 
than those due.to the inhalation of cigarette smohc; these concen- 
' . trat ions of COTIb might contribute to the manifest at ions of CHD. 

Cohen, et ah studied the case fatality rates lor patients ad¬ 
mitted to 05 bos Angeles area hospitals with'myocardial infarction 
in relation to atmospheric CO pollution. The authors observed an 
increased MI case fatality rate in areas of increased pollution, and 
then only during periods of relatively increased CO pollution. 


(g) The opening sentence is a poor comparison. Instead of atmospheric air 
and cigarette smoke a comparison between blood levels of nonsmokers and smoker 
would be pertinent. There is also an endogenous source of carbon monoxide. 

Subsequent to a report by Cohen et all ( 1Q69 ')i Haywood et al (1972) examined 
patients dying of; acute myocardial infarction or diverse diseases. There was no 
clear-cut relationship between carbon monoxide level's and acute infarction (see 
page 61). 
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( 6 ) NATIONAL CLEARINGHOUSE FOR SMOKING AND HEALTH: The health con - ' 
sequences of smoking. A report to the Surgeon General: 1'972. 21-3, 121- 

135, 1972. ' ■■.■.U-7 


Carbon Monoxide 

Cj Became cigarette smoke contains from 2.7 to 6 percent carbon 
monoxide (GO), significantly higher car boxy hemoglobin (COHb) 
levels are found in smokers than nor. smoke vs 2 d, i? 4 : , COHb 
levels in non.-.mokers are usually less than 1 percent, while those in 
smokers-average around! 4 percent and may exceed 15 percent ( 4)1 
(2£MuO. Heavy smokers and those who inhale show the highest 
carboxyhonloglfjbin levels (20) . 


(a) The blood levels of carboxyhcmogl-obin cited in this paragraph do not re-' 
present the values reported in the literature. For nonsmokers the level is not us¬ 
ually less than 1%. In the 26 investigations reported, the overall mean for 1, 662 
subjects was 1.45% (see pages 32 and 33). For smokers the average is not 4%. 

The 30 investigations reported in the literature have an overall mean of 3.76% for 
2, 054 subjects. Values above 15% are very rare and are probably the result of an- 
error in tlie analysis (see pages 12-15). 

If HaehlscK (2&) found that a smoker with a daily consumption of 
35 to 40 cigarettes easily attains and maintains for hours an alveolar 
CO concentration of 50 p.p.m., winch reaches or exceeds legally- 
established ambient air quality standards jj l'. 18. il-J, 2$). 

Cohen, et al. ’(Jjl)' and A re now, et al. (y), have shown that there 
is no significant difference in mean expired air carbon monoxide 
levels alter patients have smoked tobacco or lettuce leaf cigarettes. 

Although pipe and cigar smokers in the United States are reported 
to have lower exposure to CO than cigarette smokers CO in¬ 
toxication has been reported in cigar smokers C-&). 


(b) The observation of Haebisch (1970) is an isolated one. It should be noted 
that his value of 50 ppm carbon monoxide in alveolar air is 2 to 3 times greater than 
that reported by Jongbloed (1939) and R ingold et al (1962) (see page 19)« 


<sr 


CO exerts its adverse efleets on the cardiovascular system of 
smokers through one or more of the following mechanisms : (a) re¬ 
duction of the amount of hemoglobin available for oxygon trans¬ 
port; (b) shift of the oxygen-hemoglobin dissociation curve to the 
left with consequent interference in oxygon release at the tissue 
level; and (c) induction of arterial hypoxemia. CO may interfere 
with the homeostatic mechanism bv which 2,3-DTG controls tlje 
affinity of hemoglobin,for oxygon (%f). CO has also been implicated, 
in experimental atherogenesis in animals (.56). Mil; 


o 

o 

© 

Cl 

© 


(c) The list of 3 mechanisms actually represents one, which causes the for- UV 
mation of carboxyhemoglobin. Item (c), hypoxemia, meaning low oxygen tension, is • * • 
not correct. ' There is low oxygen content but normal tension. ■' .a~--Fy: 

.r/.. ., -v> . " - ••y- .. : -• •• ••• . y.. 
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L-:;' ■$/ Ayres, ct al. (?) .recently studied 41 patients; during diagnostic 1 
. cardiac catheterizatien, at which time they inhaled either 5 percent, 
or percent CO; Arterial and mixed venous oxygen tensions were 
decreased by anrmnistratiou of cither concentration. In patients 
Vitu cn 0, coronary artrry 0, extraction decreased 7.9 percent after 
inhalation c-f .1 percent GO and 30.5 percent after inhalation of 5 
" Percent CO. Seme of tho paticnts with CHD experienced changes in 
~ckne and' pyruvate metabolism indicative of inadequate myocar¬ 
dial oxygenation. The higher level of CO inhalation in this experi¬ 
ment is comparable to that experienced intermittently by cigarette 
smokers. . -... - ' . v 


Fi: 
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‘(d); The work of Ayres et al (1970) is based or a non-steady state and is 
commented upon els ev/here (seepage 143). 

jj. Brewer and his colleagues ^7 f) investigated cigarette smoking 
as a cause of hypoxemia in residents of Loadville, Colorado, at an 
altitude of 3,100 meters. The arterial pO, of 8 smokers was signif¬ 
icantly lower (P < .05) than that of 12 nonsmokers, Hut this was 
reversible upon cessation of smoking. They concluded that the ad¬ 
verse effect of cigarette smoking on 0.. transport may be especially 
pronounced at high altitude and may restrict an individual’s ability 
to adapt to reduced 0 . tensions ill. 12'). 
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(e) The statement or the results of Brewer et al (1970, 1971) is incomplete. : 
It should be added that the difference in oxygen tens ion between smokers and non- - 
smokers is small, amouting to 5 mm for p02* More important is tire fact that the 
oxygen saturation for smokers is 74% and is higher than that of the nonsmoking in¬ 
dividual (68%). The shift of the oxygen dissociation curve to the left in the blood of ^ 
smokers accounts for higher oxygen saturation. Therefore, although oxygen tension 
is reduced, the saturation is higher for smokers. A paragraph from Brewer et al 
(1971) is quoted below. . :r v : - . ■' . 
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In the course of our smoking experiments we determined' Oil* CO content of the ^ 
air in our 15 cU m exposure chamber (with approximately om? air change ; hour) 
and we found that the CO rose to approximately 20 ppm following the smoking ? 
of seven cigarettes in an hour. Particulate matter was 3 mg/cirm at the end of the 
hour. We also measured the concentr ations of CO passing across iJic face of an 
observer who sat next to a'subject for the ten: minutes during which a cigarette 
was smoked. The air was sampled thiough a lithe strapped <o the observer’s face, 
and it can be seen from i mum: 9 that transient peaks of up to 90 ppm were 


measured. 
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Kjeldion! £Ti examined Sl’3 industrial workers, about one- 
iialf of whom were tobacco workers. Fifty-nine cases, of arterio¬ 
sclerosis wore documented by such clinical 1 symptoms as angina 
pectoris and intermittent clK’.ulicntion or by a previous history of 
myocardial infarction. While 20i9 percent of ■ ■*.& 334: “control” in¬ 
dividualswere non-smokers, only 2 (3.4 percent) of the 59 patients 
with arteriosekrosis were nor.smokers. A significantly higher per¬ 
centage of diseased workers- were heavy smokers and inhaled the 
smoke. 

The diseased smokers had significantly higher earboxyhemoglobin 
and serum cholesterol level!? than either smoking or nonsmoking 
control patients. This was trim after standardizing for differences 
im levels- off smoking, between controls and diseased patients. As ex¬ 
pected, there was a gradient in carboxyhemoglobin levels from 
lower levels in light smokers to higher levels im heavy smokers 
(tabled). 


O 


Tablk 4.-— Average-values of carboxyhenioglohin and serum choles¬ 
terol in Danish smokers and nonsmokers in control group and 
group of patients with arteriosclerotic cardiovascular disease . 


Smoking 

category 

Ca.rfcoxyh ft rno 5 :U<bln 
(aaturntion percent#go) 


Scrum cholbnterol 
(ru«/100 m!) 


cor.tr*'Li 
MiS.D. 

pftti .ntl 

M ArS.O. 

fci:;ni fl¬ 
ounce 

controU: 

MctS.D. 

patients 

M±S.D. 

sijyr.ifi- 

e* n ce 

Smokers 

4.2±3.1 

7.0-±Z.7 

p<0.001 

247±44 

290±33 

p <0.001 


(73S) * 

(57) 

t~ 5.52 

(733) 

(57) 

t=4.89 

Nonsmokers 

0.4rr0;0 

0.5±0.7 

n.s. 

235±49 

234±56 

p<0.02 


(106) 

(2) 

t=0,16 

(196) 

(2) 

t= 2.32 

Li{;ht smokers 

2.5±2.5 

3.7 ±2.5 

n.s. 

245±33 

279±67 

n.s. 


(121) 

(3) 

t=0.7C 

(121) 

(3) 

£—1.45 

Moderate 

4.1±3.0 

7.3±3.6 

p<0.001i 

246±45 

235±50 

p<0.001 

smokers 

(463) 

(34) 

£=4.95 

(463) 

(34) 

£=4.52 

Heavy smokers 

5.7i3.0 

T.0±4.0 

n.s. 

253^:45 

298±53 

p<0.05 


(154) 

(20) 

£=1.45 

(154) 

(20) 

£=2.18 

p — Probability 

that difference 

i* not due to 

• chance. 





t *=* Student’s t calculation, 
n.*. = not tig'nifrant. 

* five ziumtkr of subjects in each eat? 
standard doviution (3-iD.). 

Source: KjekJscn, K. (31). 


rory is enclosed in panentlic^ca beneath the mean (M) and 
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KjeldScn also observed that the COHb levels of 8 to 19 percent 
seen in 40 percent of the patients with arterioscleiosis were of the 
same magnitude as those: provoking experimental atherosclerosis 
and cardiac necrosis in animals. 


(f) The observations of Kjpldsen (1969, 1970) have not been confirmed by 
JT others. It should be stated that Prerovska and Drdkova (1967, 1971) completed a 

retrospective examination of individuals who had been exposed to an environment of J'H,- 
• wy up to 1, 000 ppm for an average duration of 10.5 years. There was no early deyelop-3, 
,di. > Va men t Of arteriosclerosis. . dty - y-;.--.. v y 




yw*. 






Source: https://www.industrydocuments.ucst.edu/aocs7 
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Table 5. CarboxyllemoglObin blood levels of nonsmokers following exposure to vehicular traffic 

Reference Nature of subjects No of Carboxyhcmorlobin blood 

(Year) Subjects Before After 


Goldsmith, Terzaghi Los Angeles drivers 
and Hackney (1963) 


pa^ -.v Jy 


Moureu (1964) 


Paris vehicular drivers 


DeBruiin, Bult and Amsterdam'policemen 

Van Haeringen (1965) 

DeBruiin, Vroege and: Rotherdam policemen 
- Van Haeringen (1965); 


No of 

Ca rbox^ 

r hemoplobin Blood levels 

% 

Subjects 

Before 

After 



Mean 

Mean * SD (Range) 

A 

1 

1.8 

2.5 

+ 10 

597 


4.5 


10 

1.43 

1.74 

+0. 3 

36 

0. 93 

1. 11 

+0.08 


.. . 


-vV- 


Morando and Rovida 
(1965) 

Alivisatos, Bazas, 
Alexopoulos and 
Verykokakis (1967) 

Desoille (1967) 

Srch (1967) 

Chovin (1967) 

—.Ramsey (1967) 

DeBruin (1967) 

Buchwald (1969)' 

Breysse. 
and Bovee (1969) 

Gothe, Fristedt, 


Genoa policemen 4 

Athens residents 27 

Paris garagemen 2 

Prague vehicular passengers 2 
Paris policemen 7 

Dayton parking attendont 14 

Amsterdam vehicular drivers 23 
Alberta garage operators 122 

Seattle fork lift drivers 92 

Stockholm policemen 28 


Sundell, Kolmodin Malmo policemen 

Ehrner-Samuel and Oreho policemen 
Gothe (1969) 

Szadkowski, Mastall, Nuhrenberg dustmen 
Schaller and 
. Lehnert (1970) 


Petri Hi and Kanitz 
(1970) 


Genoa vehicular drivers 


Cohen, Dorion, Golds* US-Mexican border inspectors 9 
mith, Pcrmutt(1971) 

Ayres and Buehier New York pedestrians 1481 

(1970) 

Cyideritz (1971) Berlin policemen 120 

Mean (overall for number of subjects) 





(1. 83-4.00) 


:v&r&£t ft 


(2. 3-3.5) 

(2-5) 

1.25 

7.3*3.46 +5. 

2.15 +0. 

5.0 

1.2 (0-6) 

1.2 * 0.39(0.5-2.0) 
0.8*0.14(0.7-1.1) a 
0.6*0.38(0.4-1.1) ® 

O 

01 

4.04 *282 ^ 

Cl 

(l. 5-3.0) h* 
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Since pipe awl djrar rmoltcr.s inhale le: ? r, commonly than do c-jgai- 
rette smokers, their contribution to ti c substances in the air 
breathed in exposure to smoke pollutants consists of a composite of 
sidestream smoke and relatively unfiltored mainstream smoke 
which has been hold in the mouiSr and then expelled! 

The actual effluents in the mainstream and sidestream cigarette 
smoke have been considered by Pascasio, ct ah (45) and Scassellati 
Sforzolini and colleagues (50, 51). These authors;stated that “liar" 
and nicotine levels in sidestream smoke may be significantly higher 
than those of mainstream smoke and' may be harmful to the non- 
smoker. Actual volume measurements were not reported, however. 

Actual measurements of the contamination.' due to cigarette smok¬ 
ing have been carried out by a number of research groups. A recent, 
well-controlled study by Harke (24) involved' tiie smoking of 42 
cigarettes in 16 to 18 minutes using German blend cigarettes, of 
85 mm, length, 18 mm. filter, and smoked to a 25 mm. butt length 
in a room with a volume of 57 cubic meters (approximately the 
equivalent of a room with a 16-foot ceiling and'dimensions, of 12 by 
14 feet). The author observed that in the absence of ventilation the 
atmosphere contained' up to 50 p.p.m. carbon monoxide and .57 
mg./m. 3 nicotine.With substantial! ventilation, these levels fell sig¬ 
nificantly (to approximately 10 p.p.m. carbon monoxide and .10 
mg./m. 3 nicotine). Me also found! that cigar smoke (9 cigars of Clear 
Sumatra tobacco smoked in SO to 35 minutes) produced similar 
amounts of contamination! while pipe smoke (3 grams of Navy type 
medium cut tobacco smoked as eight pipefuls in 35 to 40 minutes) 

■ produced much less. Other authors have made similar measure¬ 
ments. Galuskinova (20) found that 3,4-benzpyrene levels in a 
smoky restaurant were from 2.82 to 14.4 mg./lGQ m. 3 as compared 
to outside atmospheric levels of 0.23 to 0.46 mg./100 m, 3 , although 
burning of food particles may have contributed! to tire presence of 
3,4-benzpyrene in this setting. Kotin and Falk (33) have shown 
that sidestream cigarette smoke condensate may contain more than 
three times as much benzo(a) pyrene as mainstream smoke. Srch 
(55) observed that the smoking of 10 cigarettes to a 5 mm. butt 
length in an enclosed car of 2.09 m. 3 volume produced carbon monox¬ 
ide ‘levels' up to 90 p.p.rm Lavther andCommins (34), working with 
a ventilated chamber, found levels of up to 20 p.p.m. of carbon mo¬ 
noxide after seven cigarettes were smoked in one hour; however, 
peaks of u p to 90 p.p.m. were recorded at the seat next to the smoker. 
Coburn, et al. (9) recorded levels of 20 p.p.m. of carbon monoxide 
in a small conference room after 10 cigarettes were “burned.” 
Harmsen and Efi'enberger (25 ) reported up to 80 pip.m. of carbon 
monoxide in an enclosed 9S m. 3 room (approximately the equivalent 
of a room with a 10-foot ceiling and dimensions of IS by 20 feet) in 
which 62 cigarettes had been smoked in two hours. 

Another set of contaminants probably present in a tobacco smoke- 
polluted atmosphere are the oxides of nitrogen. These, spccificially 
NO and NO.., have been shown to be present in tobacco smoke .al¬ 
though the type most likely to be present in the atmosphere is NO-. 
No measurements have been reported, of the amount of NO-- in 
smoke-filled rooms. The importance of obtaining and evaluating this 
information is stressed by the results of Freeman and Ilaydon and 
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their colleagues. (17, IS, 1L>,J7,,!S) and oi Blair, et all (5) who ob¬ 
served bronchial and pukaonruy parenchymal lesions in rodents 
continuously exposed to low levels of N0_. 

Other experimenters, have measured carboxyhemoglobin (COHb) 
levels in nonsmokers exposed to cigarette smoke pollutants. S'rch 
(55) observed that the CO l ib level in two nensmokers rose from 2 
to 5 percent (that of smelters from 0 to 10 percent) when seated in 
the cigarette-smoke contaminated! car mentioned above (exposure 
to 90 p.pim.). Ha rite (;}.)) reported that when seven nonsmokers 
were exposed for approximately 90 minutes to a "smoked” room 
containing; 30 p.p.m. of CO there was a rise in COHb from a mean 
of 0.9 percent to 2.0 percent. In 11 smokers subjected to the same 
conditions, COHb rose from a mean of 3.3 percent to 7.5 percent. 
With improved ventilation of the experimental room, the COHb 
level decreased significantly. 

The CO exposures and COHb levels reported above closely approx¬ 
imate the results obtained following experimental chamber expo¬ 
sure of humans to various levels of CO. The uptake of CO by the 
.person depends on, among other parameters: CO concentration, 
previous COHb level, the level of activity, and the person’s state of 
health. Equilibrium: between CO concentration in the lung and in 
the blood requires over 12 hours exposure. However, as may be 
noted in table 1, reproduced from Stewart, et al. (,56) and'derived 
from measures of COHb in young sedentary males who were not 
smoking, over half of the equilibrium' COHb level is reached within 
three to four hours of the onset of exposure. The equilibrium value 
associated with 109 pip.m. is approximately 14 to 15 percent COHb. 
Exposure to 100 p.p.m. in the nonsrnoker can lead to 3.0 percent of 
COHb within 60 minutes and 6.0 percent in two hours (16) . Of equal 
significance is that COHb has a half-life of at least three to four 
hours’in the body. As shown in table 1, the COHb'level fell only to 
2.7 percent in the two hours following cessation'of exposure to 50 
p.p.m. from the end exposure level of 3.7 percent. This lengthy half- 
life extends the period of effect of exposure to CO and provides for 
a buildup of COHb concentration from fresh exposures. 

TABLE 1.— Percent of COHb during and folioicing exposure to 50 

p.p.m. of CO. 


Time durinjr 
exposure 

Mean 

Kunjce 

'Number of 
•ubjecti 

Preexposure 

0.7 

0.4—1.6 

11 

30 minute 3 

1.3 

1.3 

3 

1 hour 

2.1 

l.9-2.7 

11 

3 hours ' 

3.8 

3.0-4.2 

10 

C hours 

6.1 

4.9-5.5 

5 

8 hours 

5.9 " 

5.4-6.2 

5 

12 hours 

7,0 

C.5-7.9 

3 

15 hours 

7.6 

7.2-2.2 

3 

22 hours 

8.6 

8.1-8.7 

3 

24 hours 

7.9 

7.G-8.2 

3 


Time without exposure after 
1 hour of exposure 
30 minutes 
1 hour 


2 hours 


6 hours 


i.67.1.8 

1/ 
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3 hours of exposure 

^ . v : ,- 

' f 


' 30 minutes ' 

3.7 

/ 3.4—3.9 

3 

- hour . ' 

3.3 

/ 2.7-3.8 

3 

2 hours 

2.7 / 

/ 2.3-3.0 

3 

Time wilhoutexpoiure after 

- . 


... 

8 hours of exposure 




- 30 minutes ,. 

6.6 

5.1-5.9 

3 

:: 1 hour f. 

5.1 < 

4.S-5.4 

3 

- 1 % hours -r 

4.0 

. . — 

— 

: ^ * 11 hours ' 

1.5 

1.4-1.7 

3 

Time without exposure after 




: 24 hours of exposure . ; 

’ * ••' V, • ■ •: * 


• '• ’ .• •< 

: 30 minutcs * ^ '*• J; *:< ry 


r ?<■ 7.2-7.8 

3 

i hou r . 

.. >;^& : 6.7 .;.jr 

; ^ .lv 6.4—7.1 

.y- • 1 ' 3 

'2 hours 


6 .6-6.2 

^ 3 ' 

1 l. - f ... *" 
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' (g) This section includes an incomplete citation of work by the various 
vestigators. For ins tance, Harke’s conclusion that "it is unlikely to find non-'''$-l®r : 

»V'• m * .. >.•.?,- k»'« -.'M .< 

smokers in a room absorbing a significant amount of cigarette smoke" is not men-* 

- tioned at all. The blood levels that show low absoprtion are mentioned two para- . 

T/kV graphs later. The passive smoker had a blood level of 2% car.boxyhemoglobin, an '['■??:$ 

- increase of 1.1% over the control level (see page 25). 

. (h) Srch (1967) not only smoked "in an enclosed car" but also had the motor 

.'.running in a closed garage. The high levels of carbon monoxide arise largely from 
automobile exhaust and this is not stated in the quotation (see page 36). v 

w-.r??: 'V., • (i) Lowther and Cummins (1970) worked with a ventilated chamber. Exami- ' uV'# 

SV a-'' • 

, '' nation of the original article reveals that the chamber is 15 cu ni, with approxi- • ' 

mately 1 air change per hour. The high values for carbon monoxide in the air are 


understandable (see paragraph from article). 
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BiGnificantly highe _ . , .. . 

tha two oxygen tensions (Tabi.e 5)* i.ms means on tne 

averase, the ox;’ggn dissociation curve of Brokers.in Leadville is 
'left-shifted compared to non-smokers.• There was no significant 
difference between the position of the curve in normal smokers 
and polycythemic smokers at either oxygen tension* 
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THE' EFFECTS OF LOW LEVELS OF 
CARBON MONOXIDE ON HUMAN HEALTH 

The data on the effect oil low levels of carbon monoxide on human 
psychological ana physiological.function have been summarized in 
two recent publications 

There is presently much discussion as to the physiologic and 
psycho physic logic effects of exposure to levels of CO approximating 
50 to lOOip.p.ni. Board-and! Grandstaft* (A)- observed that exposure 
to 50 p.p.m. of CO for from 27 to SO minutes al tered a udi tory drs- 
criminaUon, visual nearly, ana me ubiiuy to uisiingimsit reiuLiv e 
brightness. McFarland (jA) observed that COIIb levels of 4 to 5 
percent caused visual threshold impairment/Ray and Rockwell 
reporting on a study of the driving ability of three subjects 
under varying CO exposure, observed that the presence of 10 per¬ 
cent COIIb was associated with increased response time for tail- 
light discrimination and increased variance in distance estimation. 
Schulte- (sT)> observed; that increased errors in cognitive and choice 
discrimination tests were manifest at levels of COIIb as low as 3 
percent. Chevalier, et al. v£j’ have also observed that levels of 4 1 
percent COIIb in mmsmokers: are. associated! with an increase in 
oxygen debt formation with exercise similar to chat seen in smokers. 
A On the other hand, other investigators utilizing complex 
• psychoinotor tasks in men and monkeys have observed no d ecrement 
injunction upon exposures to CO at 50 to 250 p.p;rm 


(j) The investigations that concentration of 50 to 250 ppm carbon monoxide 
does not influence Die central nervous system are not described: in detail. There 
are many other reports which are also negative (see Pages 88-90). 


Animals exposed to low levels of CO ( 50 to lOO p.p.rn.) continu¬ 
ously for weeks have shown varying degrees of card iac a nd cerebral 
damage similar to that produced by hypoxia < Ti. .47. .s£ L 

Finally, the possible effects of exposure to 50-100’ p.pjni CO on 
h patients with coronary heart disease (CHD) .were investigated by 
Ayres, et al. who observed: a decrease in arterial and mixed 
venous oxygen tensions with COIIb saturations of 5 percent. Certain 
patients with CHD developed altered lactate and pyruvate metabo- 
-"lism with COIIb levels of 5 to 10 percent suggesting myocardial 
hypoxia. .. 


(k) The cited work of Ayres et al (1970) was performed in a non-steady state 
with inhalation of 5% carbon monoxide. The validity of these observations is discus¬ 
sed elsewhere in this commentary (see page 148). .. -; c . 
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^ The evidence concerning the effect of low levels of carbon monox¬ 
ide has recently been reviewed and 'evaluated by the National Air 
Quality Criteria Committee of the National Air Pollution' Control 
Administration The following is taken from the* published 

conclusions of the Advisory GornmiStee (also set- table 2).: 

4 ' + 

‘Experimental exposure of nonsmokers to 58 mg/m s (50 


ppm) far CO minutes has 




***** 


airment in 




time-interval discrimination_This exposure will produce 

an increase of about 2 percent COIlb in the blood. This same 
increase in blood COHb will 1 occur with continuous exposure 
to 12 to 17 mg/rn 3 (TO to 15 ppm) for S or more hours.... 
“Experimental exposure to CO concentrations sufficient to 
" produce blood COHb levels of about 5 percent (a level pro¬ 
ducible by exposure to about 35 mg/m 3 for 8 or more hours) 
has provided in some instances evidence of.impaired perform¬ 
ance on certain other psychemotor tests, and an impairment in 
visual discrimination.... : , • 

“ExpcndmentnlNxxposure to CO concentrations sufllcient to 
produce blood COHb levels above 5 percent (a level producible 

by exposure to 35 mg/nr 1 cr more for S or more hours) has 
provided evidence of physiologic stress in patients with heart 
disease....” 

The levels of carbon monoxide found to be present in “smoked” 
rooms (20 to SO p.p.m.) are similar to the levels (30 to 50 p.p.m.) 
which the Advisory Committee has concluded are associated with 
adverse health effects: 

“An exposure of 8 or more hours to a carbon monoxide con¬ 
centration of 12 to 17 mg/m 3 (10 to 15 ppm) will produce a 
blood caraoxyhcmoglobiii' level' of 2.0 to 2.5 percent in 1 non- 
smokers. This level! of blood' carboxyhemogiobin has been asso¬ 
ciated with adverse health effects as manifested by impaired 
time internal discrimination. Evidence also indicates that an 
exposure of 8 or more hours to a CO concentration of 35 mg/m 3 
(30 ppm) will produce blood carboxyhemoglobin levels of 
about 5 percent in nonsmokers. Adverse health effects as man¬ 
ifested by impaired performance on certain other usychomotor 
tests have been associated will* mis blood ..rboxyhemuglo- 
bin level, and above tins level there is evidence of physiologic 
stress in patients with heart disease.” 

These levels of CO are also similar to that set as the time- 
weighted occupational Threshold Limit Value of 50 p.p.m. for a 
40-hour week (five 8-hour days) which* has been in effect in the 
United States for the past several yean? (l J)\ A further reduction 
in this limit to 25 p.p.m. is now under 'consideration;. These levels of 
CO exceed those recently set by the Environmental Protection 
Agency as the national primary and secondary ambient air quality 
standards for CO (^2). These standards are: ■■■.'/■' •• .. •. ; 

(a) 10 milligrams per cubic meter (9 p.p.m.)—maximum 8- 
~ hours concentration not to ba exceeded more than once 
- per year. ; ..., .,'n- 

(h) 40 milligrams'per cubic meter (35 p.p.m.)—maximum 
[.hour concentration not to be exceeded morc'tIianl)nce < 
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Tablk 2 .—Kjf ect's of carbon monoxide. 


Environmental 

concll'.tan* 

E(Tlc: . - 

. . . — . Comment 

58 m£./m; 3 u~Q pN);rni) 
for ( JU minutes- 

Im j *ai rro.e n £ c £ ti ? n <v 
intervai discrimination 
in non-smokers- 

Blco-li CO Till), level:; not 
available, but antici- 
patcd to he about 2.5 
percent. 

Similar blood COIib levels 
expected from exposure: 
to 10 to 17 i n-./rn.? (10 
to .15 p.p.im) for 3 or 
' more hours. 

115 n^./m . 3 (100 
• p.p.rn.) intermit- 
tsntly ijhrou^h a 
facial iv ask * 

Impairment in perform¬ 
ance of some psycho- M 
motor tests at a COIlb 
level of o percent. 

Similar results may have 
been observed at lower 
COIlb levels, but blood 
measurements were not 
accurate. 

r 

High concentrations 
of CO were admin- 
istered for CO to 120 
seconds, and then 10 
minutes wa s; a (lowed 
for washout of 
alveolar CO before 
.blood COHb was 
measured. 

Exposuie sufficient to pro¬ 
duce blood CGlib levels 
above 5 percent has been 
shown to place a. physio¬ 
logic stress on patients 
with heart disc ace. 

Data rely on GOHb levels 
produced rapidly after 
short exposure to high 
levels of CO ; this is not 
necessarily comparable 
to exposure over a longer 
time period or under 
equilibrium conditions* 

SOURCC; Adapted fr^m Ui.1 

S. PuTi'lc Health Service. Air Quft'sty Criteric for Carben Monoxide,; 



Wishlhffton, D.C., U.S* Department of Health, L’Question, and Welfare (&3). 


(}' The remainder of this section quotes the decision by the National Air 
Pollution Control Administration, which was drafted mainly- for industrial expo¬ 
sures lasting 8 hours. The criteria used by this agency do not apply to brief ex¬ 
posures to cigarette smoke. 




ALLERGIC AND IRRITATIVE REACTIONS TO 
CIGARETTE SMOKE AMONG NONSMOKERS 


(A more detailed discussion of this subject is presented in the 
Allergy chapter of this report.) 

Several investigators have reported on the discomfort and symp¬ 
toms experienced by both allergic and nonallergic individuals upon 
exposure to tobacco smoke. Johansson and Ronge (31,32) in 1965 
and 1SG6 have observed that the acute irritation experienced- by 
nonsmokers in the presence of tobacco smoke is maximal in warm, 
dry air-and that nonsmokers experience more nasal irritation than 
oculhr irritation as compared with smokers exposed to similar 
amounts of smoke in the atmosphere. Speer (5J) studied tho reac¬ 
tions of 1-11 nonsmokers divided into two groups, one composed of 
individuals with a history of allergic reactions and the other of in¬ 
dividuals without such a history. The allergic group underwent skin 
. testing for the presence, of sensitivity to tobacco extract while the ... 
‘‘nonallc-rgic” group was determined solely by questionnaire con 
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allergic G7 percent, *‘uou!uIlcrgrc ? ’ 2D. percent; headache: allergic 4G 


percent, “nonnl*: 


;t ; cough: allergic 4(1 percent, “non- 


alltrgie” 25'percent; and wheezing: allergic 22'percent, “nonaller- 
gic” 4 percent). Thu?,, a significant proportion of nonsmoking in- 
dividna’;-: report discomfort and respiratory symptoms on exposure: 
to tobacco .smoke. 

Other antin'! -; have attempted to separate out those patients who 
may have specific allergies smoke. Zu-.-ur-mv ( 61) found that in a 
random series of 200 atopic patients 16 percent were clinically sen¬ 
sitive to tobacco smoke, and that a majority of these were aided: by 
desensitization therapy. In an earlier study, Pipes (46) observed 
that 13 percent of 2215 patients with respiratory allergy showed posi¬ 
tive skin.tests to tobacco smoke. Save! (40) has recently reported on, 
eight nonsmokers observed to be clinically hypersensitive to tobacco 1 
smoke. After hz. vitro incubation of their lymphocytes with cigarette 
smoke, increased incorporation of tritiated thymidine was recorded; 
similar exposure of the lymphocytes of those not sensitive resulted 
.in depression of tritiated thymidine uptake. 

Luqiiette, et ah (00) have recently reported on the immediate ef¬ 
fects of exposure to cigarette smoke in school-age children. They 
observed that heart rate and blood pressure rose with such ex¬ 
posure, although questions remain' about the adequacy of their con¬ 
trols and the manner in which the experimental situation may have 
excited the subjects. Finally, Camerorq et al. (6) observed: that 
acute respiratory illnesses were mere frequent among children from 
homos in which the parents smoked than among children of non¬ 
smoking parent;:. Tire meaning of these results is uncertain' since 
smoking by the children was not considered and the level of ex¬ 
posure to cigarette smoke in their homes was not measured. Shy, et 
ah (53) in a study of second grade Chattanooga school children 
failed to demonstrate a relationship between parental smoking 
habi ts and the respiratory illness rates of their children. 


■ •<* v 

1 ' . * v > 


(m)' This section on allergic reactions refers to components of cigarette 
smoke other than carbon monoxide. There is no case of reported allergy to car¬ 
bon monoxide. 


THE KNOWN HARMFUL EFFECTS OF THE PASSIVE 

' v ' INHALATION OF CIGARETTE SNORE IN ANIMALS 

A number of investigators have studied the effects of the passive 
inhalation of high concentrations oT cigarette smoke on the pulmo¬ 
nary parenehyina and! tracheobronchial tree of animals. The results 
of these investigations are listed in detail in the recent report to 
Congress, “The Health Consequences of Smoking,” (59) in table 9 
of the Bronchopulmonary chapter, and table 16 of the Cancer 
chapter. .... • . 
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The pathologic changes observed in the res pi rafovy tract of the 
animals included parenchymal disruption, bronchitis, tracheobron¬ 
chial epithelial dysplasia' end metaplasia*, and pulmonary adenoma¬ 
tous tumor formation). Leuchten'o 0 rgpr, et ah (3G) exposed 151 
mice to the smoke of from 25 to 1,52d cigarettes- over a nevioo! of 1 
to 23 months.and observed that 20 percent of the animals developed 
severe bronchitis with atypisnii Working with 30 control 1 rabbits 
exposed to up to 20 cifgvrettes per day for two to five years, Holland, 
et ah (3G) observed increased focal and generalized hyperplasia of 
the bronchial epithelium and generalized emphysema in the ex¬ 
posed rabbits. ITcrnanuez, et .ah (25) observed significantly more 
pulmonary parenchymal disruption in adult greyhound dogs ex¬ 
posed to cigarette smoke 10 times per week for approximately one 
year than in.nonexposed control animals. 

Lorenz, et ah (.3.8)'. observed no increase in respiratory tract tu¬ 
mor formation above that seen in controls in 97 Strain A mice ex¬ 
posed'to cigarette smoke for up to CDS hours. Essenberg (IJ), how¬ 
ever, exposed Strain A mice to cigarette smoke for 12 hours a day 
for up to one year and observed significantly more papillary adeno¬ 
carcinomas in the exposed than in the control group. An increased 
percentage of hybrid mice were found by JI Uhl bock (42) to have 
alveolar carcinomas among the experimental group exposed to 
smoke for two hours a day for up to 6S4 days when compared with 
a nonexposed group. Similarly, Guerin (22) observed that 5.1 per¬ 
cent of rats exposed to cigarette smoke for 45 minutes a day for 
two to six months showed ! pulmonary tumors compared to 2.4 per¬ 
cent of the control mice. 

Leuchtenberger, et ah (37) , working with 409 female CF, mice, 
observed only a slight increase in tile presence of pulmonary adeno¬ 
matous tumors among those exposed to cigarette smoke compared 
with those in the control group: Tiie authors commented that the 
presence of tumors showed an age relationship independent of 
smoking exposure. Otto (43) found that 11 percent of a group of 
albir.o mice exposed to 12 cigarettes a day for up to 24 months 
showed pulmonary adenomas as compared with five percent of the 
control Ron-exposed group. Donl'c-nwill and Wiebecke (12) found 
that increasing the exposure of golden hamsters to up to four ciga¬ 
rettes a da}' for up to two years was associated with an increasing 
percentage of animals showing desquamative metaplasia and bron¬ 
chial papillary metaplasia. Harris and Negroni (26) exposed 2C0 
C57BL mice to cigarette smoke for 20 minutes a day every other 
day for life and found eight adenocarcinomas as compared to none 
in the control group. 

Because the damage observed in those experiments was seen after 
prolonged exposure to high' concentrations of cigarette smoke, and 
because the comparability of animal exposure to smoke with that of 
human exposure in smoko-filled rooms is unknown, it is presently 
impossible to be certain from animal experimentation about the ex¬ 
tent of the damage that may occur during long-term intermittent ' 
exposure to lower concentrations. • * - 
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SUMMARY 

1. An Atmosphere cmrtrnnmaied with tobacco smoke can con¬ 
tribute to the discomfort of many- individuals. - 

2. The level of carbon menoKiJe Attained in experiments using 

rooms filled with iubaeeo smoice-iuis-.fc*.-c*n' shown to equal, and-at 
times to exceed! the legal limits for maximum air pollution per¬ 
mitted for ambient air Quality in several localities and can, also ex¬ 
ceed the occupational Threshold Limit Value for a normal work 
period presently in effect for the. United States as a whole. The pres¬ 
ence of such levels indicates that the effect of exposure to carbon 
monoxide may on occasion, depending upon the- length of exposure, 
be ■sufficient to be harmful: to the health of an exposed person. This 
would be particularly significant for people who are already suffer¬ 
ing from chronic bronchopulmonary disease and coronary heart 
disease. - , / • . 

3. Other components of tobacco smoke, such as particulate mat¬ 
ter and the oxides of nitrogen, have been shown in various concen¬ 
trations to adversely affect animal pulmonary and cardiac structure 
and function. The extent of the contributions of these substances to. 
illness nr humans exposed to the concentrations present in an atmo¬ 
sphere contaminated with tobacco smoke is not presently known. 




(n) The experiments on animals were not controlled: and there is no reported 
concentration of carbon monoxide. It is not possible to relate tire observations on 
animals to humans unless the concentration of cigarette smoke is known. 






(7) ABELSON P JET 
1967 . 


A damaging source of air pollution. Science 158: 1527, 


One of (he Icxic products of the automobile is carbon monoxide. 
Exposure for 1 hour to a conecntrauort! of this of 120 parts per 
million causes inactivation ofi about 5 percent cf the body’s hemo¬ 
globin and commonly leads to dizziness, headache, and lassitude.. Con* 
- conlNations of carbon monoxide as high as 100 ppm often occur in 
garages, in tunnels, and behind automobiles. Such concentrations arc 
tiny in comparison with those (42,000 ppm) found in cigarette smoke. 
The smoker survives because most of the lime he breathes air not so 
heavily polluted. However, in a poorly ventilated, smoke-fried room* 
concentrations of carbon monoxide can' easily reach several hundred 
parts per million, thus exposing smokers and nonsmokers present to 
a toxic hazard. N -—' - ; 



In this article, the comparison of concentration of carbon monoxide is as . 
follows: 100 ppm for garages and tunnel's and 42, 000 ppm in cigarette smoke. ’ 
The latter represents 4.2 carbon monoxide in pure cigarette smoke, This con¬ 
centration is not inhaled continuously, but is diluted by air in the lungs at the 
time of inhalation of cigarette smoke. After exhalation, atmospheric air enters 


to replace the cigarette smoke. Ringold eta-1. (1 96 Z) analyzed the expired air to 
determine the integrated concentration of carbon monoxide therein: that of heavy 
smokers had a concentration of 16.4 ppm, light smokers 7. 7 ppm, and non- 
smokers 0.08 ppm (see page 19 )* 
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(8} ANON : Carbon monoxide. Am Indus lir Hy.g Ass J 26: 431-4, 1965. 


. 9 lie blow! of rigrirrtlc minims will 

contain mom 2'J to 10r; cmbnxyhcnio- 

gltibm aiivl nomWj'ioseiT aih;li• will show 
a normal average background of 1% 
carboN-yliemoglobiii. 1 


The blood volumes for smokers arc overestimated and those for nonsmokers 


underestimated. The overall mean value reported in 30 investigations is 3.76% for 
smokers (see page 12). The overall mean value recorded in 26 investigations is 7 


1.45% for nonemoker: 







page 143 


(9) AN ON : Carbon mono:-:ide poisoning - a timely warning. New; England J Med 
278: 819-50, 1968. “ ““ " 


The ch;;ir:cUe is another producer of carbon mon¬ 
oxide. Heavy- ci j'arcile .smokers may i.:ive as much 
as 10 per cent carbon monoxide hemevdohin in their 
blood. Such levels may not be sufficient to cause 
impairment at sea level but vi!] be enough to pro¬ 
duce changes at altiiludb.s of 8000 to 10,000 feet, A 
recent article lias demoivstiated behavioral impair¬ 
ment associated with small doses of carbon mono.v 
. idc 3 — levels of exposure in the raru;e accepted as 
tolerable in industry. The results indicate that im¬ 
pairment of cerebral function can occur at extreme¬ 
ly low levels (30: io 2fnJ ppm) chili exposures of 
half an hour to two and a half hours. Further sup¬ 
port for centrabnervous-S) stem cherts comes from 
the obscuration th.at low level:;; of carbon monoxide 
hemoglobin can significantly raise the threshold of 
light sensitivity of the eye. 4 


That heavy cigarette smoking may cause as much as 10% carboxyhemogl'obin 
in the blood is rare. Barach et al (1941) measured the peak levels in the blood of 
18 subjects who smoked 20i cigarettes daily and noted a mean level of 5. 7%, with a 
range of 2. 2% to 12* 3%. Fabre et a l (195 1), in a group of 5 subjects smoking 24 
cigarettes, reported a mean level of 4. 85%, which represented an increase of 2.7% 
over the level prior to smoking (see page 21). 
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(10) ANON : Warning: Cigarettes are dangerous to your health. American Cancer 
Society. Med i Bull Montgom e ry Co unty Med Soc 24; 45-7, 1968. 


Sonic of ttiosc carcinogens may be as 
simple cubon nn'uoxide —CO — one of 
the standard by-products of aulomo' to 
cr.hcur.t. /Cc.cdors and edorlcs*;, ibis 
compound of carbon and! cxy.vir is fetal 
when As IiLlio as one-tenth cf one per¬ 
cent /is breathed in continuously; in 
minute quantities and repeated doses, 
it can also bo a slow cause of death 
as ^ producer of cancer. 


Carbon monoxide is not a carcinogen. Carbon monoxide has been tested in 
mice with, tumors induced by chemicals. Carbon monoxide did not influence the 
rate of tumor growth. ■ 
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(II): ANON' : World 1 action on smoking. Brit Med J 4; 65, 1971 

« 

Guiv'.n nonoxh!;: ruy be - toxic ingredient cf tobacco 
smoKc that dexrvcr. mere ?KG-;tis>n tlirn it has received. 
j P. Ac? rap 1 ' has rccviiily repo-iicd dint exposure of rabbits. 

to bv/ ce::cenl:;*:ion:i of cuvra monoxide enr lead to 

picducden of rt-ieroma. T»iC «_oxyhemoglobin cement 

of the blood of c.~?.vcvz: smo.xr;; nay exceed 10%, and 
Asttuo believes that this may be mere intp-oriasit than 
nioodne in rckdci to coronary direese. Further research 

On L uj i-j C:‘i 


There are two statements that should 1 be modified. A strap’s experiments 
were performed on rabbits fed with cholesterol and their blood levels showed 15% 
carboxyhemoglouin (see page 69)- That the blood'levels of smokers may 

exceed' 10% is a rarity (see pages 20-21);. 
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(12) ANON : Cigarette smoking and carbon monoxide. Med Letter E>i-ug Ther 
13: 91-2, 1971. ' 


• _ In addition to nicotine, tars, and other chemical compounds, 

has been incriminated as a pathogenic factor in cigarette smoke-, 
have suggested that heavy cigarette smoking (more than 20 cigars 
result in an intake of carbon monoxide that could impair the perfo 
smoker in driving a car or piloting an airplane. 


carbon monoxide 
Recent studies 
ttes a day) may 
rmanee of the 


The average concentration of carbon monoxide in cigarette smoke is about ■ 
20,000 parts per million, or about 400 porn in the inhaled mixture of smoke and air 
(J. R. C oldsmith and S. A. Landaw, Science, 162:1352, 1968). The additive effects 
of carbon-monoxide-polluted air must also be taken into account. In Los Angeles, 
where high atmospheric carbon monoxide levels have caused concern, the concen¬ 
tration in the air during a four-year study ranged from 7,3 to 20.2 ppm (A. C. Kexte/”* 
and J. R. Goldsmith, Science, 172 :265, 1971). . " _ 


The reference to the paper by Goldsmith and Landaw (1968) regarding 400 ppm 
of an inhaled mixture of smoke and: air appears in this article. Since Goldsmith and 
Landaw cite no reference, it is not possible to challenge their source. Jongbloed 
(1939)' analyzed the alveolar air and noted a peak level of 31.5 ppm carbon monoxide. 
Ring old et al (.196 2) analyzed the expired air after a 20-second breath-holding period 
and noted a level-.of 16.4 ppm for heavy smokers (see page 1 9 ). 






(13) ARCNOvV V/ S, KAPLAN' M A and JACOB D : Tobacco:- A precipitating factor 

in angina pcc ter is. Ann Int Med 69:529-36, 1938. 

(14) . ARGNOW W S, DENDINGER J and RGKAW’s N : Heart rate and carbon mo¬ 

noxide level after smoking; high-,, low-, and non.-nicotine cigarettes. A stud 1 } 
in male patients with angina pectoris. Ann Ir: Med 74: 697-702, 19-71. 

(15) A-RONOV/ W S and ROKAW S N : Non nicotine cigarettes. Effects in angina 

pectoris. Circulation 44: 782-8, 1971. 

(16) A RON O’7 W S, HARRIS C N, ISBELL M VI, ROKAW S N and- IMPARATO B : 

Effect of freeway travel on angina pectoris. Ann Int Med 77: 669-76-, 1972. 


Those four publications from Aronow's group have been widely quoted 1 as 
supporting the theory- that carbon monoxide causes coronary heart disease. It 
should be noted that the investigation concerns carbon monoxide contained in ci¬ 
garette smoke and in vehicular exhaust. There is no comparative study using 
carbon monoxide in air to ascertain that the results are due to carbon monoxide 
contained in vehicular exhaust or cigarette smoke. 

Not all four reports include blood! analysis for carboxyhemoglobin. In the 
first, none is recorded, in the second, blood was analysed, in the third, alveo- 
lar-expired air was used, and in the fourth, both blood and air had analysis. 
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AYRES S M : Roles of carbon monoxide and nicotine in circulatory effects of 
cigarette smoke. JAMA 219:520, J972. ' OEMy-'• .. r';r:».fr 




•.* jV* 



Roles of Carbon Monoxide arid Nicotine in 
- Circulatory Effects of Cigarctt Smoke 

Q I would like information a ha at the specific 
w factors that, cause cigarette, smoking to have 
an adverse effect on the cardiovascular systcm. Is it 
. only nicotine that is involved, or can carbon monox¬ 
ide and its effect on carboxyhemoglobin levels he im¬ 
plicated? . „ Xv -jY vYo'! f; ' f 'rf-fi'. 

■*:*: ... Ai-mtin II s* iwr*. Ml) 

i W-.' ; ;'.' r ’'l?*- .. V.i >. "v «*v New li<*-hr!KvNY 

A recently, the pharmacology of tobacco 

JTX. smoke was thought to be essentially that of 
. nicotine, and most early articles on the toxicity of 
; cigarette smoke emphasized nicotine to the ex- 
.. elusion of other considerations. It seems likely, how¬ 
ever, that the 3 ( ib to 4'b of carbon monoxide found in 
' cigarette smoke may play an important role in¬ 
tensifying the recognized cardiovascular toxicity of 
• nicotine. Carboxyhemoglobin levels as low as 3% to 
d 4% may increase the oxygen debt of exercise’ and 
; wc have shown that levels of carboxyhcmogiobin he- 
tween five and ten percent may produce abnormal 
myocardial metabolism in patients with coronary ar¬ 
tery disease. Smokers generally have .TV- to 79 of 
their hemoglobin saturated with carbon monoxide, 
i.. The whole subject has been recently reviewed in a 
New York Academy of Science monographon carbon 
monoxide 2 and in the progress reports from the Sur¬ 
geon' General’s office on cigarette smoking and 
health. ; •'■-"v'-.f- •" ‘Yy '>/•' ; ‘. 

The toxicity of tobacco smoke appears to derive 
from both its nicotine and carbon monoxide content. 
Nicotine increases cardiac work by increasing heart 
rate and blood pressure: Carbon monoxide interferes 
with the ability of the heart to extract oxygen from 
the perfusing blood. The combination of increased 
oxygen requirements and decreased oxygen avail- 
. ability may well load 1 to myocardial ischemia, partic¬ 
ularly in patients with coronary artery disease. 

„ Sri n;t \ \l \vi:»AIM 

. . «». * Si. Vtmciii > llo-pita! 

. ,io*l Mr.luLiHYm.r 

New Y*»rk 

1. Chevalier RB, K min hoi/. HA, Ross JC: KilWts of t *arUm ninnnvidc in* 
halfition on the rsinliopttl nonary rcspnnsrr* of non-sniokm omtHm*. J 
LtihClinAfnf 62:l(i7, lilllll. • 

2. Colmrn KK fr<l|: fr«/ uf («Wwii Min>>uuft . Now York. 

Now York Ac.idemy of Scientr, 1070. . : 
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Commentary (19 ) 1 Ayres Conf. 


? 


flic author cites Chevalier ct a l, a reference which appeared 1 in 1963 as an 
abstract and dbes not comain results of blood levels of carboxyhemoglobin. In a 
subsequent paper 19 b: 1061-64, 1966) Chcvaliei* e t al reported the results 

of inhaling O'. 15% carbon monoxide, which caused a carboxyhemoglobin level of 
3.95% # Tnis value is lower than results of others, who obtained levels of 10% to 
15% of carhoxykemog.ooin. Chevalier fi.al used an indirect technique based on ana- 
lys.s of alveolar a:r, so that it is possible that by this technique they underesti¬ 
mated Ine true value if blood analysis was used. The technique employed was as 
follows: . 




o 


For lUrterminafion of COM!) levels in the blood, 
the relationship-of Haldane and Smith was used.® 
Forster and co-workers," adapted the Haldane rela¬ 
tionship for determination of COIIb by using a 
modification of Sjnslrand 7 in which alveolar gas is 
equilibrated with pulmonary blood and the equili¬ 
brated capillary carbon monoxide tension is mea¬ 
sured directly in a sample of expired alveolar gas* 
This method, as utilized by Forster and co-work¬ 
ers, ni gave results in the same range as those found 
by an alysis of whole venous blood for COIIb. Our 
technique for equilibration.of capillary carbon mon¬ 
oxide tension was similar to that described above 
with certain modifications/* 1 * The Haldane relation 
states the following (atm signifies atmosphere) : 

COHb/O Mb = 210 CO pressure in atm/Oj pressure in atm 

_ _ _1C0 __ 

%COHlv = O-pressure in atm ^ 

210 CO pressure in atm 

When there is little reduced hemoglobin present, 
210 is the M fraction established by Haldane. This 
technique for determination of COIIb showed a 
satisfactory relationship when compared with the 
COIIb level as determined! spcetrophotometrically 
on the venous: blood! of nine control subjects. 
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Commentary (2U) Banyai, Cont. 




•*. t * M ' 


. mo(nr tlivol^riii* fifiimillitm Ions nf carlhin iiimi* 

oxiriiv iiinn.iily. Nownmlrr ili.it in :;ii major, fit irs at 
busy mterseciiosis;dunns ; hours; of po.»k lra:f:c the coa- 
. .. . cvutiitlkm uf t).i\ iiacuiu! miitii higher than tbo 

' ■ V,v’ ir.ii.viijiwm .ilb^valik coucr-si£:ali<m. vklrniV-in.c timers, 

... pedestrians and tratne polimnur.Carihui iiioiunidi* in 
cijlarcttbMr.tikc i.s am iiKiKiiplelo cumiv.istum prmlut 
;• . V. C' cii tl-.mgllillti' tPiuprrature. at tin' Imniiu*: z f n< r «l tin* 

' .* cigarette is SM C C (J ,fi-'i5.- cl K) wlliUt air isikuiigthawn 

. . ■* j" ■ .r : * | through ti.o cigarct!?:. Carlaixyliemoglobin lMv! of; tha 

' - • v.*. ' T f <£- \ bltKid 'is A percent immoderate smokers aval up to 12 

. . . -- j percent in heavy smokers:. Us;piitential hazard ran lie 

' ; . V estimated by adding. these figures.tu iWso perlammi* to 

motor vehicle drivers. 

- .j ... Andrew L. llamai, MilL 



a* If hyperventilation increases carbon monoxide uptake, it. will also hasten ^ 
its removal from the blood- One technique for promoting the elimination of carbon 
monoxide in acute poisoning is to increase depth of respiration by having the patient 
inhale 5% carbon dioxide in oxygenu 

^ ' y b. In urban populations, the carboxyhemoglobin level in the blood is greater 

than 0- 62%> to 1 - 24%. In the 26 investigations reported in the literature the overall 
mean for l f 662 subjects was 1.45%. Residents of London, Los Angeles and Milan 
show the following mean levels respectively: 3.5%, 2.3% and 2. 8%. These values 
. represent a significant contribution by carbon monoxide to pollution in the atmos- 
.. phere (see pages 32 and 33). 


c. The effects listed in 15 lines are derived from toxic concentrations of 
car boxyh emoglo bin ranging from 50% to 100%. The phrase "toxic concentration" 
appear only in the first sentence but applies to the next 3 sentences. 



d. TLi- experiments in rabbits fed with cholesterol are not supported by those 
in> dogs reported by De Bias et al (1972). Chronic exposure to carbon monoxide 
does not exaggerate myocardial ischemia (see page 62). 

e. There is no published report that psych omotbr and cognitive areas in 
the brain can be influenced! by levels of carboxyhemogiobih between 2% and 1 5%. 

More accurate statistics would be between' 5% and 20% (see pages 88-89)* 

f. The effect of carbon monoxide on alveolar macrophages of experimental 
animals is encountered with levels of 0.5% to 2% in inspired air. Smokers have a 
level of carbon monoxide of 7 to 12 ppm in'expired air, which is 1000 less than the 
concentration used in experiments on animals. 

g. The levels of 4%. to 6% carboxylic mo glbbin in moderate smokers and 12% 
in heavy smokers is not supported by values s tated in the literature. Balbo' et al l 
(1966) reported a mean level of 2.8% for 7 smokers, each consuming 30 cigarettes 
daily. It ouch et al (1974) reported a mean of 4. 25% for 15 smokers using more than 

10 cigarettes daily (see page 15). 
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(21) BARTLETT D .TV : Pathophysiology of exposure to low concentrations of 
carbon monoxide. Arch Environ Health 16: 719-27, 1968* 


Regular cigarette smokers have repeatedly - " 

L'.vn t'hov*. 1 ! to lave CO?/'.). rations 

i:l the : to an/;*/- 7 Cmnkvrs of }>:;< os _ 

/■ and cigars haveCOHb levels iliai arc va > ‘ 

whet lower than tho/.a of cigarette smokers, 
but higher then t!iO* e of jrw smokers. These 
findings, have led to the widespread' error of 
supposing that smokers may be ir.oie sus¬ 
ceptible to erwiicnmcrdal CO than non- 
sin o leers. Can-on monoxide ft-om cigarette 

smoke arid CO in« tHo ambient air are not. ; 

additive in their biologic efi'oet. Carbon mon- V :: - ; v y : /4'i5x 

• oxide is absorbed only when the Pco in the p' '/AEA: 

ambient air exceeds that in the pulmonary ' . '” 

capillary blood. Thus, peieons., with COHb - : . s > .* *' 

levels of 5% from smoking do not. absorb . 

•further CO from the environment unless the .■/■-- 

ambient CO concentration is SO ppm or 

more; thcL^uhary, they excrete CO at • 

a rate rotrjaly proporticnal to the Pco gra^ 
dient between their blood and the ambient 
air. This suggests that smokers may be 
among the least susceptible of persons ex¬ 
posed to low-atmospheric concentrations of 
CO, since their COHb concentrations are 
■ not increased by the exposure. This conclu¬ 
sion Ls modified, however, by the fact that 
smokers’ CO excretion between cigarettes 
is slower in a CO-poIlutcd environment than 
in pure air. Tim=, their lomr-term avcrace 
COHb i concentrations- arc slightly higher in 
the presence of environmental CO than in 
its absence. . | 

_ v The death rate from coronary 

heart disease is considerably higher for fA 

smokers than for nousmolters. 27 The rate 

for exsmekers is no higher than for persons © 

who have never smoked. This pattern irn- (A 

plies that the smoking effect is completely O 

reversible when an individual stops smok- CA 

ing. Thus, smoking, must cause myocardial ' 

hypoxia by sonic acute, reversible process* 

probably-unrelated to: the: formation of hard,. 

irreversible, atherosclerotic: lesions. Carbon 
monoxide fits this epidemiologic pattern 
quitewell, but nicotine or other components 
of cigarette smoke may be responsible* and 
the question remains unsolved. 

The two paragraphs quoted from this article emphasize two points: (1) 
Carbon monoxide from cigarette smoke and that in the ambient air are not additive 
in (heir biologic effect; and (2) the effect of smoking on coronary heart disease 
is reversible. These two points were missed in thb main text of this review and ^ 
their conception properly belongs to Bartlett. ... ; V 


* * s ' ■ 
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(22) CAIvilvi A j : The effects of smoking. Guy Hosp Gaz 81: 185-203, 1967. " 


Some three hundred different constituents of tobacco $mc>!tc have 
been identified, many of them in iniinitessimaily smailiquantities. The 
two sub: tin-yes present in the greatest amounts are cat bon monoxide 
and liieaih-j. AUhmigh'carbon monoxide is found in High proportions 
in the mainstream smoke of a cigarette, it is seldom Pound‘in high 
proportions combined' with haemoDlabin. in the blood. The peiccmaae 
of carboxy-luvemogibbin. rarely rises above live per cent unless cigar¬ 
ettes are. “chain-smoked'’ in which' case it may" rise to ten per cent. 
This is not sufficient to be of clinical sienilicap.ee. 


• . • . This review article includes a section on "contents of tobacco smoke". 

The paragraph quoted summarizes the present status of carboxyhemoglobin levels a 
in cigarette smokers, concludingwife idle statement: "This is not sufficient to be 
of clinical significance". . • ^ . y»’ 
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(23) CONROE J P : Smoking and the anesthetic risk. Anest Ana l 48: 388-400, 

1969. : ' ' - ~ 

It tsires 24 hours Ln a carbon monoxide 
free v.’.rua sphere to reduce a. carbo:cyhe:no- 
r\ obk of 18 to 5 percent/ 11 Ts it c-;i::■ vacant 

to demand 72 . smoking-free houi: before -• 

anesthesia? • / 



The 24 hours required 1 to reduce carboxyhernoglobin iu the blood from 18% 
does not apply to the time required to reduce from 5% the blood level of carbcxy- 
hemoglobin.' in cigarette smokers* In the literature, 4 to 12 hours after smoking, 
the mean blood level for 2, 054 habitual smokers is 3.76%. This value, compared 
v/itli the level for nonsmokers, represents an increase of 2, 19 % attributed, to /‘klb- 
smoking. Because of endogenous and exogenous sources of carbon monoxide other 
than cigarette smelting, it is not possible to reduce the carboxyhemoglcbin level 
below 1.5% (see pages 12-13). An answer to the question raised by Conroy should 
be as follows: Waiting 72 hours is unreasonable; 4 to 12 hours would be suffi¬ 
cient. 
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(24) CURPHEY T J : Carboxylic moglobin in relation to smoking. Nat Cancer 
lust Mono gr 28: 231-5, 1968. 

This is an excellent discussion of the significance of the carboxyhemoglobini 
level in relation to smoking. The entire article-is reproduced. 


Tusodorf, J. Ccnriiur, M.D.f Chief Medical Ex¬ 
aminer — Coroner, Los Angeles Count]}, Los An¬ 
geles, California l<0012 


The main thrust of the Conference and the 
tenor of discussion in t:io general sessions and in this workshop have been 
to review- and analyze the various agents in tobacco smoke with regard to 
their potential threat to the health and well-being of the cigarette smoker. 
The evidence already presented has dealt largely with those effects of cer¬ 
tain components of tobacco smoke as the}' relate to such problems as myo¬ 
cardial infarction, blood' coagulation,, and carcinogenesis. ‘'.Hint can be 
dona to reduce such hazards as “tar”- and nicotine, thus leading to the 
production' of a less harmful cigarette, has been discussed.^ 

Tills afternoon's-workshop seems to me to be a variation on the general 
theme, being in. the;nature of a movement written in a minor key. It has 
dealt with certain components in tobacco smoke, c.y., nicotine, whose dele¬ 
terious properties have not been experimentally and clinically established^ 
but which arc nevertheless under various degrees of suspicion. Therefore, 
these components must be examined in the process of writing the score 
for the orchestration of Dr. TTynders symphony, entitled Toward a Less 
Harmful Cigarette. 

Carbon monoxide (CO) is one of these components of tobacco smoke 
that has long been suspected 1 of being harmful and, hence, lias received 
much study over the years, , 

The problem of CO as a harmful constituent of tobacco smoke raises two 
questions: - 


1. Docs the amount of CO in Lite bland differ between the smoker and nonsmoUer? 

2. If more CO is nroseut in the bloat! of Ibc rmoker, does it produceeither fuitc- 
tionnl or structural patlioiogical changes? Are such charges Onmo:i>tral>le by 
symptomatic, clinical, or laboratory evidence, and can they there lore be 
assumed to be detrimental to the health or weU-beiiiz of tho smoker ns is true 
In the case of other component j of tobacco ranoho? 


—ISftV 


There is abundant cvidcjvco in the literature to answer unequivocally tho 
question of tho ditVoivnco bet ween tho CIO hh-.n.l rnn»vnt r:\tion in the 

smoker and nonstnoker. The article by Larsrm el al. ( 1 ) is replete with 
references covering studies over the past 60. years of CO blood levels in 
smokers and nonsmokcis under various conditions, as well ns the effect ' 
of various quant ify levels of smoking on the CO blood level. 

Numerous studies on the normal blood level of CO in the nonsmokcr 
ranges Xiom 02R2.SJb. In our study, we used 1% as tho normal 
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%j'.iS‘ira>ucr: ana i;vy\».\»/- te>e*. <p.‘ ise acneien^air :s me time oi cicam. 

IR'c were:ii--i- considering the-causedr.mods'of. death, but were looking for 
: a way to use the CO blood 1 level 1 uJ a daily indicator of 1 air pollution in 
tlia l/ja Armeies basin (text f-g. l).j; 


«) V ct:> 


V o tr> ^ 

V'Skr* 


-A lie CO Id IM 

--er.lf OTOCi) 

»j««■««**# <s«5ii) 
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:»«/ V— v V \ («»/ X M> /\vn 3 

\/ \ u;> Vvti) / \.I)/ ^V**«* l> * 
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*2-') ' * <21> PO 122J ^ 


(U)\ 3 

<m o» - • 

,3j%^ _ on _<k n 
oV «V <df hr., no* lit) tilJ 


■J.—1_i—j—I_». 1__I_1—I 

Ju« * I.i. I u>r. 


Tircx-n^fr^n 1—Diitribaiioa median or CO in blood of cigarette-only smokers and 
Donsmokora. 

After analyzin'".our dnta,,wc observed n significant association, vrhieh, 
however, was net noted Xor every Ibcr.tiion of tIso rrionitorLn" station. Gold¬ 
smith* cf ol'* (~) who had studied the blood CO levels of longshoremen in 
Sun Francisco ir> religion to their smoking, habits suggest fed tout the col- 
«lect$d data be used to study the smoking Habits of this postmortemi 
population. • 

From November 1^-Junc 39, 3.901, 2;2G7 cases were surveyed^ and tile 
date- were correlated with 3) the CO concentration ol the ambient air at 
certain monitoring,stations in Los Angeles and 2) the smoking HnbiU 
of tbe study, group (3) . To dniewiine the smoking habiin oC the group, a 
quest ionnaiio-v/as mailed to the next of bin,when,known, or to a; known 
informant. Thi^redtjcedthcgroup to a total of 3,STS persons, from whom 
v.c rev-jV'd iis iblo smoking Hikfoi ies for 3,073 persons;- 
The 3,0Yb pejv;or.S werodividru intP.twognm3) me-mim ok era (inchub 
irig; c.x-:;:jiol:e)s antj p-.r./nr; wl-onever smoked), and 2) rxiokers. Tlscuo 
two groups;wcrc Au'tlitr rrhdhud'd into (u.) Mioso under rgc Co andi (fi) 
those over age C5; The blood CO levels in the entire group ranged from 
0 -Tl.G%. Over S 9 % of the nonsrnokers,, regardless of ; age, felli in the 1 % 
or less CO level. A blood CO 'level 1 of 5/cj rogaruleoS of smoking habit, was 
considered abnormally high. 

Forty-site persons had values of 5% and all of theso were smokers, ex¬ 
cept 3 who were ex-smokers. Only 7 of the -IG persons were age Go or over; 
in other w ord?, 35% of the persons were in the younger age group; Further¬ 
more, with tile use of 1% CO as tha normall blood level ior nonsmokers, 
62% of tlio nor.^inokers had less than this level, whereas only, 22% of thtr 
snickers had values this low (tb'ct-fig. 2) . Also, the smokers tended to have 
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Corn* ru-o tar v (2.4V Curphey, Cont. 


Another mterestimg fact gleaned from a study of tlio observed median 
CO values is that tilio values of males non-smokers were greater than those 
of female nonsmokors by a factor of nearly 2. On the.other hand, for 
suaok&n?- tl o distribution by rose did notshow consistent dkYcrenaes. 

That- tho.ro is v. direct correlation butvreen. the height or the. CO blood 
level and the number of cigarettes smoked is a well-established fact, as 
demonstrated by Goldsmith (d) i* v his study of a group of San Francisco 
longshoremen (text-fig. This is seen in the graph of percentage cumu¬ 
lative frequency of expired CO measured in porn as related to the smoking 
habits of his study group. 
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‘ : . TirfMiccirr, o.—Distribution of expired CO in lonc>liorcmcn f by smoking pattern;: 

.1IAVU' study, 1001. ‘Percent carboxylic) noglobin concentration based on regres- 7 
:±< - ■ 'Gv •• Klon: COIU.% - 0.21 + 0.10 X (CO ppm)* ■ Wi,, ^ 
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Commentary (24) Curp hey, Cont. 

The. gruphsioi Guldsmblvs cases.of live persons nr.d of our caEes .show 
very geocl eorreiatU .i juit^o CO cxprj'^fid in ppnri of e>:pirocl air wiUilhat 
obtained from a study of po^Imortem'blood 1 cx^utisixd m percentage terms 
' of caiboxyhtmcglblm concentration. 

* / Goldsmith did not .compile the CO blood Jcvclfc with lUc general health 

,v. t .. of Ins subjects jT.nd'obviousjy. in our series, vowerc denied that oppoifu- 
>„ - . .. -nity, shnee tile dealhs w'c* *•{ tidied: included 1 ty*-c from natural causes due 

to disease and alho hcrniciitii; suicidal, and e ^'idcntal deaths. In point of 
- , v • ’ ."fact nt-ifju r of these studies answers tho question, “Ifc smoking dangerous 

i v , . v- y ■* : to health; 11 ' 

; >' * ;: 7; ' Fortunately, there is good 1 evidence available which bridges this gap* 

r: ’ ‘ namely, the study, made by Slcvers el al. (.') of tlio cficct of exposure to 

: * -* h;v -y;; ' ; known concentrations of CO on a. group of 35G police traffic ofliccrs, be- 
i.' .. tween r,*2 and 51 years old, v;ho were assigned to duty ail the Holland Tim- 

: *. ' y " ncl for a period of 13 years. These -officers 'were exposed to an average of 
y’ • v . ?0 pom of CO, wlii'*.) i is equivalent to 107* fOOIlb saturation), villi brief 

V- - cxjjosums ii]* to 2WJ-3G0: ppm at times and with tlio heaviest level for a 
2-l*ljour period of £0 pjjjn: (Mg COH!i)i Jn frequently, the CO Ibve] ex- 
* .. ceeded ; 200 ppm (327* COHh) and rarely ro;;c as high as 3G0 ppm (-10% 
COTj b) for a few miiiulesuhn fline. 

This Flndy ojj police traffi'* officers is p:ulihnlarly valuable for the pur- 
pose of libs worhiliopi for h (hmcmrl rated that these men showed no 
: : - evidence of injury to their health, as determined by serial physical cx- 

: . . r* A uminations, blood and urine studies, KKG tracings, blood pressure read- 

y; . w V ■ : ing3, and neurological examinations. In this latter connection, an excellent 

...- test for judging the iiitcgrity. of the nervous’systemiwas'thcpistobmarks* 

. ; ; bT V ; manship record of thccc officers. The Port Authority pistol team was 

■yyy, v -'i + : V composed of 7 office rs, ,G of whom had tunnel du'y, and tho team consist- 
* ~ , . ently finished in first or second place in. formal mpetition with pistol 

' .>b’> , y.r • .w-- ' ^ teams from other police organizations for 7 consecutive yearn. 

_ ; ‘ Even more pertinent to our cl large at this timo is the study of the 

. .. smoking habits of tl)3 officers in relation to their blood CO levels. Vari- 

Tvwation. In. the entire group ranged from 0.5-H5.15* saturation* the highest 
values being obtained 1 in those who smoked and were stationed on the 
upgrade section of the* tunnel and who wore exposed to atmospheric CO 
readings slightly above 100 ppm (ICC* COHb saturation) for a 2-hour 
p9riod in contrast to the average daily value of 70 ppm (107* COHb 
saturation). 

What appears to bo the most significant observation in this study of 
traffic officers in tho Holland Tunnel is that tho blood'CO levels of non- 
smokers in: tho tunnel on tho average exceeded those of smokers in an 
environment free from any occupational exposure to CO. Since these 
men remained heal!by after being consistently exposed for 13 years to CO 
levels appreciably higher than those found in 1 tobacco smoke, the con¬ 
clusion then'is inescapable that smokers xvilH CO levels; that lio well 
within these same ranges are similarly unaffected by CO« 
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(25) DINMAN B D 
., a. 1785, 1970. 


Carbon monoxide and cigarette smoking. JAMA 
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I Although the community is con- ■ 

1 A corned with carbon monoxide 
L body burdens: arising from 
ambient concentrations of this gas, 
it ignores almost totally the-most 
significant source of carbon monox- 
iio intake—the cigarette. This is 
jnradoxical, since the air of our 
cities rarely contains more than 30 
jorts of carbon monoxide per mil- . 
jinn parts of air (ie, 30 ppm); cig- 
. iirette smoke streams have been re¬ 
torted to contain from 400 to 40,- ' 
jt.-X) ppm carbon monoxide! ‘ “;/Q 

The body itself manufactures 
r.irbon monoxide in the course of 
the breakdown of hemoglobin to the 
extent of about 1 ten spoonful per 
*hy. Tliis small amount of carbon 
monoxide converts about 0.S% of 
hemoglobin to inactive carboxy- 
tunoglobini By contrast, the light 
smoker converts about 3 % of his 
hmoglobin while the heavy smoker 
motivates approximately 8% of. 
tins blood pigment. Pipe and cigar 
takers rarely achieve such load- 
h:3. Toe body has “learned’" to 
- f bpt to the small amount of solf- 
^oduced carbon monoxide over the 
**mrse of evolution. However, the 
|body burden arising, from cigarette 
poking probably extends beyond 
phe limit of ready accommodation. 

What-is the significance of such 
[curette-caused carbon monoxide 
My burdens? It is quite clear that 
v *ual acuity at low levels of light 
intensity is impaired with carbon 
. j'nonoxido loadings in the middle of 
; j-hat range of carboxylic mo glob in 
levels seen among cigarette smok¬ 
ers. Less clear at this time is the 
effect of carbon monoxide per sc 
r upon cardiac function. However, 
among patients with heart disease 
whose ability to accommodate is 
■, compromised, at levels of 7% to 9% 
carboxyliernoglobin, there is deteri¬ 
oration in several cardiac-function. 

. indices. On the basin of animal cx- 
peri mental data, it appears that 
long-term carbon monoxide expo- >r>.^ ^ >"7 ‘ 

*.? mcs ;' Uo ^ Wo, 

1 .hemoglobin loading arc associated: 

With increased deposition of choles¬ 
terol in blood vessels* On the basis 
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Commentary (25) Dinmnn, Cunt. 


of opuhmiolu^ical data, there arc. 
some suggestions flint this, might 
ol.'io ;;p;,i]v tk> huniana. In addition, 
research m inouitlainons. areas su.> 
i Costs that the. carbon monoxide 

loading stemming from ci ’arefttc 
smoking contributes significantly to 
develbpmnU of chronic moun¬ 
tain sickness. 



(a) The level of 40, 000 ppm carbon monoxide represents pure cigarette pubf-T-V 
smoke which a s moker does not inhale continuously • The concentration of carbon h^ ,. 
monoxide in the expired air of a heavy smoker is 16.4 pprn. and in that of a light 
smoker 7.7 ppm (see page 19) • 

(b) The carboxyhemogjobin levels of 3% as estimated for a light smoker and 
8% for a heavy smoker are not supported by tire available results of investigations. 
Balbo et al (1966) reported a mean level of 2.8% for 7 smokers consuming 30 ci¬ 
garettes daily. Roach etal (1971) recorded a mean level of 4. 25% for 15 smokers 
using more than 10 cigarettes daily (bee page 15). 


(c) The investigation quoted refers probably to Aronow etal (1971);, who 
noted a reduction in exercise tolerance when patients with angina pectoris smoked 
low-nicotine cigarettes. The carboxyhemoglobin blood level is elevated to 7. 79% 
but a cause-and-cffect relationship has not been demonstrated (see page 62). 

(d) The cited : work on cholesterol deposition involves rabbits fed with 
cholesterol in the diet. In dogs, chronically exposed to 100 ppm carbon monoxide, 
De Bias et al (1972) failed to exaggerate the signs of myocardial ischemia. There 
is no experimental support for (lie statement that a blood level of 10% carboxy- 
hemoglobin is harmful to the ischemic heart (see page 62). 
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Coraim ciliary (35)* Ros e, Coat. 


, ' When cardiac fundi err is nor¬ 
mal there is a; signlilicont margin 
of safray oven though the CO 
intoxication is; of long duration. 
A variety ei ek*cirocarciioyra'::Jic 
aberrations have been observed 
following CO poisoning, bu ttypi¬ 
cally there is a lorv-voitago pat- 
’fenv a Recovery is apparently- 
rapid fobowihg the restoration or 
oxygen and: there is a reversion 
to a “normal" eiectrocardiogrran; 
however, enzyme studies may 
show alterations indicting ische¬ 
mic heart damage. 22 Epidemiolog¬ 
ic studies of cigarette smokers 
indicate that the death rate from 
coronary heart disease is consul^ 
erably higher for smokers than 
for nonsmokers;' 1 and 1 in patients 
with heart disease there is deter¬ 
ioration of cardiac-function in¬ 
dices at blood levels of seven to 
nine per cent COI-Ih w 


(c) The cited reference for die last sentence is by Dinrnan (; 1970):, an 
editorial that is commented upon elsewhere in.this report (see page 160). 




J A. 
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(27) GIEL B C- : Air pollution and your lungs. Public H eal tlx News: 46: ?46-53, 
1965. 


FACTS ABOUT SPECIFIC AIR POLLUTANTS 


Carle n Mvr.oxldc- 

Carbon nvorr oxide is v/dl known to all of us. Yet 
n’any smoker.; arcs unaware ’hat approximrucly 
seven to cwht percent of' their hemoglobin ni:*y be 
bound as carboxyhcmcfTobin, if in the mean time, 
such an individual 1 ihov.Wl develop vnscuinr irisnlli- 
ciency to vi:r! organs* and then■be forced to breath 
ambient air containing 30 ppm of CO for four to 
six hours or gotten into ait atmosphere where he 
would be exposed to 120 ppm CO for one hour, 
he would bind nri additional five percent of his I 
hemoglobin and could suffer tragic results. * 



The figure of 7% to 8% carboxyhcmoglobin among smokers is an over- 
estima tion. A review of the literature shows an overall mean of 3* 76% for 2, 054 
smokers 4 to 12 hours after smoking, and a peak level of 5. 26% after smoking 
(see pages 12 to 14 and 20 to 21). 







page 164 



(28) GOLDSMITH- J R : Carbon monoxide and coronary heart disease. Ann Int 
Med 71; 199-201, 1969 . 

A list of future investigations relating to carbon monoxide is included in 
this Editorial. 



The complied jigsaw pu/v.Ic may give 
a clear picture showing that the role of 
smoking in atherosclerotic diseases is medi¬ 
ated in part by carbon monoxide through 
such mechanisms as those in the preceding 
paragraph. Missing pieces are needed: [1] 
the effects of^ carbon monoxide exposure 
Kith and without vasoactive agents on pro¬ 
duction of anginal symptoms with exer¬ 
cise; [2] prognostic importance of carboxy- 
. hemoglobin levels over both short and long 
periods cf time in cardiovascular diseases; 
[3] mechanisms and significance of altered' 
hemoglobin binding 1 of oxygen with age, 
smoking, and other factors; and [4] the pos¬ 
sibility of prevention of cardiovascular ef¬ 
fects of cigarette smoking when such smok¬ 
ing does net lead to carbon monoxide 
absorption. 
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(29) GOjwLdsvlI ill J R : Carbon monoxide and coronary heart disease: Compel- 
ling evidence in angina pectoris. Ann Int M ed 77; 808-10, 1972. 

This Rcitorial is; do vested largely to the investigations of Aronow. The 2 
pal a gi a phi; repreduco-d herewith coni tain suggestions for future investigations which 
have not been discussed elsewhere in this review. 

t \ • - . ’ : • • • 


... 


those muter 00 ve:u>; 

. * j 

ratios m several studio. If 


still lack decisive epidemiologic evidence that 
there is a risk of more rapid development of coronary 
hcarti disease in cigarette smokers with high: crirbon- 
inono:due uptake, compared with those of the same 
age anu smoking habits bat with low carbon-monox¬ 
ide uptake. We do, however, have convincing evi¬ 
dence that the death rates from coronary heart dis¬ 
ease arc higher in cigarette smokers than in non- 
smokers (6K The 1972 Surgeon Generals smoking, 
and health report says, “Experimental and epidemio¬ 
logical investigations implicate the elevation of car- 
boxyhcmogluhin levels in smokers as a conti ibutor 
to the development of Cl ID and 1 arteriosclerotic, pe¬ 
ripheral vascular disease." if one estimates, the num¬ 
ber of excess deaths caused by arteriosclerotic heart 
disease in smokers 1 in comparison with deaths of 
people of the same age and sex who arc nonsmokers, 
the potential for p:cvemio;i! is vast. Of the approxi¬ 
mately 5tS()UT> deaths in the ITS. caused by arterio¬ 
sclerotic heart diwa<e.fci?Tctte smoking makes the 
greatest proportionate bom^luition tc# the deaths of 

doubling the mortality 
v.*e can substantially re¬ 
duce this toll of deatlN^hd of associated disability 
by reducing cut bon monoxide exposure, it would 
be a massive public health achievement. Wc arc 
challenged lo develop, an alteration in cigarette¬ 
smoking behavior shut docs not permit an increase 
in carboxyhemoglobiii to occur. 

It is conceivable that with a cigarette that has a 
catalytic filter or im which the combustion processes 
arc altered there would be less uptake of carbon 
monoxide by trie smoker. Possibly an alteration in 
the type of tobacco used would have such elTecjjL* 
Difference in tobacco type is credited with the dif¬ 
ferential effect of smoking cigars or pipes. Smoking 
these produces relatively lntife increase in carhoxy- 
hcinoglobin compared with that from cigarettes. Al¬ 
though much attention is given to cigarettes that 
are low in tar and nicotine, practically no attention 
has so far been given to the public health importance, 
of cigarette smoking that produces a low output jaf _ 
carbon monox-iiifr. Such attention is urgently indi¬ 
cated by the evidence that even small increases in 
>carboxyiicir.oglobin, as we used to think of them. 
jT;can decrease the work capacity of persons with 

; “ : «nr*?iia fV'rl r>rl<. 


^angina pectoris. 
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C30) GOIbDSTEIM R.' E and EPSTEIN 5 E : Medical management of patients with 
angina pectoris* Prug Cardiovas Pis 14: 360 : -9d; 1972. 


Cigarette Sw:o?%Hig... 

PAlionSv with angina who smoke a single oigarche before exercise expe¬ 
rience 5'g:;indent decreases in the duration of exercise required to precipitate 
ischemie pain/ 1 Pic dbcreflscd exercise capacity after cigarette smoking 
is assorhkd: with, a greater heart rate and blood pressure both'at rest and 
after equal amounts of exorcise. Sir.ee die pressure-rate product was the 
sasbc at anuinn before and! alter smokin'*,; Aronovv and Kaohm concluded 
that smoking increased MVG : during exercise, thus precipitating ischrtnic 
pain sooner without appreciably altering myocardial oxygen delivery. These 
authors attributed the alteration in circn injury response to exercise to gangli¬ 
onic stimulation by nicolino, although subsequent studies'* using lo\v*nicotinc 
cigarettes-yielded the same results as tliosc using ordinary cigarettes. Cigarette 
smoking might also impair myocardial oxygen delivery-in some individuals 
by converting hemoglobin to carhovyliemuglrmiri, a change which impairs 
or destroys the abill’v of hemoglobin to convey oxygen to tissues. Up to 
152 conversion to carboxyiirmoglobin can result from heavy smoking.* 1 


. ’ ' : 5 v:f V The last sentence quotes Ayres et al , which is actually an abstract. 

-1 \y :The statement that heavy smoking can produce a blood level of 15% carboxyhemo- 
’ - ^ globin is not based on any experimental observations- 

r -: : - * • Carboxyramoglebia (CCKS)and tha Access to 
Oxygen: An E;:a.r.p!2 of Mu nan Counter-Evolution 

.. . k- • ‘ . ' STEPHEN M. AY-iES, :/O, FACC: STANLEY GIANNELLJ. Jr. 

MO, FAOG;;HJLTHUQ MUELLER. .V.D, New York, New York 

g: .. . " Cigarette Fir.oking and exposure to eonnuunity air pol- 

. . y ;:* V . lutioii'produce COIID sjiUiratinns bctv.voa ^ ami !.>'< 

. - and dfacrc-use both oxygen capacity and! the un!o«*idir.g; 

y tension of; circulating hemoglobin. An ir.iiividtiali withi 

15Cv> COHl!. xins regrn^ed to a 'hemoglobin which is; 

. functionally intermediate between! that of an elephant . 

and a newborn goat. 

Acute studies performed in^Gisubjccts demonstrated 
that elevation of COilK levels to an average of '7;Sfi'V 
increased cardiac output from 5^01 to a.ob liters/min, 
increased minute ventilation! from n;Sfi iOi S.C-i liter.';/ 
min, and decreased arterial ami mixed veerms oxygen 
tension from 81 and .'J!l io 7C and .‘11 mm Hg, respec¬ 
tively.. Myocardial studies performed by. coronary sinus 
catheterization demonstrated!that 1 similar elevations of 
COHH increased coronary blood flow, decreased coro¬ 
nary artery-coronary, sinus oxygen content and de¬ 
creased coronary sinus; oxygen: tension. The. changer?: 
were mnsf 1 markediin patients with'coronary artery dis¬ 
ease or chronic emphysema, lactate extract ion deereas¬ 
ing in 10 of 1.7: patients. The pi*.-ability of adaptation 
wxis studied liv achieving similar COjili concentrations 
with both a low and high concentration of carbon rnon- 
oxide. Urine dynamic changes appeared: more marked 

C with ad mini.-d valium of the high concentration cve»i 

thf iigh COJ! II was the same. 

Those studies suggest that OOilT* concontratiojis bc- 
twoon f> and lO'.i, may produce abnormal myocardial 
function in certain individual.’. Thu: wirli-knuwu dt*!e- 
teriiuis;clloci!of cigarette.smoking mi linxhe.irt may be 
cxpktiiitVdby 1 lie* interaction of COlItt and juViilihc, the 
latter increasiiijf cardiiie worl: and the funnier dccivas- 
ihg oxygen aviiiiaidiity. 
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(3l)i LIaDQuIoi V A Y: Carbon monoxide: Its relationship to air pollution and 
cigarette smoking. Public Health Lo acIbn'Sfk 20-6, 1970. „ : 


(v-'C i.’ar-v .nr.! pipe i*>b:icc«i produce mure CO than ciunrdtos. hut ciauretle smokers lend 
to hove higher lew!- »>r COIrc~.,v; they ?!y*";The phase of cigarette 
smoke contains !-J % CO (Dr borne et- eL 1565.; It >1 hove a & Nieven, 196 !» end the 
. concentrations tend, to be hii-hest as thecigarette is smoked down toward the'bati-encL 
Continuous excuse to such ambient concentrations would normally render a man un- ' 
conscious in at fc-.v- minutes. However,; inhalation of ciw.-rctts smoke is both transient and 
intcrr.vit-rcnt; and the nas is diluted with atmospheric air so that a sincic cigarette would 
not be. expected to produce an immediate rise in CO Mb of more than 3%. Dunns? the 
course of a day, those who smoke heavily and inhale usually, have mean COHb con- 
!. centrations in excess of 4% and may even exceed 10% (Ayte-s et al., 11265; Goldsmith & 
Landaw, I26B). -. ..a,..’ 


(a) This is a more accurate summary of carboxyhemoglobin- levels in ciga- 
retie smokers * • ; 

, .* Myocardial Oxygenation 

*% TIjosc organs with high oxygen- consumption leave little “reserve" in the blood. v, p „lym« 
thenvand therefore rely more on increased!perfusion t© meet anv extra demand for oxv'-n" 

The myocardium is a typical example. A combination of high, oxv -en demand poo-~V 
fus.cn lowered oxygen capacity and impaired oxygen uncoupling from the’blood will ' 

. obviously prejudice tissue respiration. This was classically demonstrated by Av r «s -t cl 
(1269, !97y): In a group of noncoronary disease patients undergoing cardiac cathetJ. Atiba- 
raiding the COHb level- to 9 0% prcducca a significant increase in coronary per/aston. 

Despite this, however, the oxygen tension of coronary sinus blood, and nresuir4dvof'th- 
myocardiun itself, dropped:slightly. After raising the COHb to.a sirni’.ar'dcPFcelri a croup 
with established coronary disease, the increase in perfusion, was less marted ana there was 
definite reversal of lactate and pyruvate extraction in addition to a drop in oxygen extraction. 

This indicated significant myocardial hypoxia, x ' * 


(b) The experiments of Ayres et al (1969, 1970), consisting of inhalation of 

carbon monoxide causing blood levels of 9# 0% are probably in error© This is dis¬ 
cussed elsewhere in the present commentary (s ee page 148). 








bource: https://www.inaustryaocuments.ucsT.eau/docs/mmkOC)UU 
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(32) NAHtJM L H : Smoking and thrombosis. Conn Med 29: 

■ The next problem is to determine by viiat 

/ K:V ; ; mechanism does smoking accelerate thrombosis. 

. : -V. Employing the method of multiple-v.orking hypo- 

' . ' ■ , theses, u msmacr of pos-abilitics; immediately, pre* 

' ' V . f : - ' f ent themselves. One is that smokin-; produces an 

.•>>-"'‘ huje.ise in carbon monoxide hemoglobin up to 

. 'vV- 15-20 per cent. which somehow promotes throm- 

•bo^is. Another is that nicotine absorption itself sets 
‘•w'.'-A - • p d .; ,.' into operation the thrombotic 'process. A third pos- 

• ... • sibility is the well known effect of nicotine in 

• ' ... .' • <■•.■siri. liberating increased amounts of epineohritie which 

V- t ' !l, -‘ rc < 1 1 culprit in accelerating thrombosis. 

•• .. (V ^ ^ fourth possibility is that smoke irritation in the 

oncl!ial n ‘ LK;f ‘ s ' liberates into the blood stream 
\ a thrombus inducing agent. Perhaps there arc other 

.... ‘ v; possibilities as yet uiutlendhed^i i 
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That cigarette smoking produces an increase'in carbo>:yhemoglobin ofup‘^^ r % 
to 15% to 20% is a rarity. In a review of the literature, it was found that out of .7 • 

30 investigations only Meigs (1948) reported a mean level of 16.2% for a group Vf " 

6 habitual smokers. The overall mean level for 2, 054 subjects reported in 29 in-;;;^‘^^ 
vestigations was 3. 76% (see page 12). •: ’.i ’.' 
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(33) NAHUM L II : Toxic products in cigarette smoke: pleasure or poison* 
Conn Med 32: 154 - 5 / 19:6.3. , 


Okay. well let’s sec whru it is that the cigarette 
smoker inhales. Most people when they consider 
air poikuiciii think t>£ the: aninnmbik;, the snio3:c- 
/ stack or the trash burners. It's time iku u> point 

to a kiosl damaging source of air pollution, the 
- cigarette. One cf the toxic products of tlic automo¬ 

bile exhaust is carbon monoxide (CO). Exposure 
for one hour to a concentration of this gas of I2G 
parts per million causes inactivation of about 5 
per cent of the body hemoglobin by forming CO 
hemoglobin: Concentrations of CO ns high ns ICO 

• ppm* often occur in garages, in tunnels, and be¬ 
hind automobiles. Such concentrations are tiny in 
comparison with those (12,000 ppm.) found in 
cigarette sruokcl 

The smoker survives localise most of the time he 

* breathes air not so heavily polluted. Nevertheless 
.the. smoker can carry 15 to 20 per cent CO hemo¬ 
globin for hours- and seriously reduce the oxygen 
supply to already-compromised areas in the brain, 
heart and els where whose arteries are narrowed by 
atherosclerotic disease. Furthermore* in a poorly 
ventilated smoke-filled room concentrations of CO 
can easily reach several hu suited parts per million 
thus exposing-smokers and non-smokers present to 
a toxic hazard The headache and fatigue that 
those exposed experience after a time in such an 
atmosphere is no accident and not psychosomatic. 



The concentration of carbon monoxide that a smoker is exposed: to con¬ 
tinuously is not 42, 000 ppm- This is the concentration of pure cigarette smoke 
which reaches the lung diluted with atmos pheric air. The concentration of car¬ 
bon monoxide in expired air would be a more reasonable estimation- Ringold 
et al (1962) have reported the following observations with regard to the latter: 
heavy smokers had a concentration of 16.4 ppm, light smokers 7.7 ppm arid non- 
smokers 0. 8 ppm (see page 19 ) . 
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[34} NAHUIvl L H : The effect.,'of carbon. monoxide on human health. 
33: 90.-2,. 1969- 


an Med 


fCO. occurs in high concentration in cigarette 
snuwvcr greater than 2 par cent, fhi> means 20,000 
ppni. although an ^s(iiuatc of the average. concern 
tratinn in smoke is much Irss—lUO pj\ ;i i L Jn a popu¬ 
lation of longshoremen smoking produced 6 per 
cent of COHb. When it comes to occupational ex¬ 
posure 12-14 per cent of employed persons had oc¬ 
cupations in Much there is a likelihood! of ex¬ 
posure. Various forms of indbor combustion may 
emit CO. and a number of deaths each year are 
due to poisoning from this source. Gas fired base¬ 
board heaters were incriminated by’Michigan State 
Department of Public Health. Open fires and 1 
charcoal braziers produce substantial amounts of 
CO. 


(^-) Blood revels o£ Iictbituxil smokers have been reported by 1 l 1 groups o£ 
investigator s . The overall peak after smoking was 5.26% (see page 20). The 
bl'ood levels 4 to 12 hours after smoking, have been reported by 30 groups of 
investigators wien an eve rail moaA oi 3* ( t> 70 * The smoker throughout 24 hours 
sustains a level be tween 3. 76% and 5# 26% (see page 12 ), 


\! Glut- alleged that 4w per cent of 721 drivers had 
chronic CO. poisoning characterized by fatigue, 
headache, irritability, dizziness, disturbed! sleep and 1 
other symptoms. Some subjects had! abnormal neuro¬ 
logical symptoms. From the epidemiological! point 
of view it is desirable to obtain data which would 
show whether there arc CO. associated increases in 
such relatively frequent events as motor vehicle 
accidents or in fatality rates with myocardial! in¬ 
farction to confirm the data from the Los Angeles 
Hospitals where an association of CO. and ease 
fatality rales in 3,030 patients with myocardial in¬ 
farction was observed. The central nervous system 
cfTects arc definitely due to anoxia. 'Five.mechanism 
of myocardial 1 cifects probably arc similarly pro¬ 
duced. Liiulenbeig 1 did obtain significant electro- 
cardiognap!vie changes- on exposing dogs for six 
weeks to 60 ppm. GO. They also showed dilatation 
of the right ventricle, scarring of heart muscle, and 
fatty degeneration. A very important question! for 
epidemiologists to study is whether exposure to low 
concentrations of C0: have a role in the develop¬ 
ment of human heart disease. Inferring fiom results 
of acute toxicologic and experimental studies, we 





can begin to appreciate the abundant data linking 
cigarette smoking to• colons*ry heart cli.vra.se. As far 
as cigarette smoking is concerned we must kcc| 

: : - mind that high levels of COllb. imply also iuricas 

vcd respiratory absorption of other ir.gictlieuts of 
ftobacco smoke. 4 
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Commentary (31) Nahum, Cor?. 








It is sr«fc to sny that exposure to CO. is wide¬ 
spread, that the sn>oker who inhales 0 per rctu CIO. 
is tlevc'lopin^ a hloou cois* cun.iiicm whicln is a 
serious fin cat to the liealilr lw persons whir under¬ 
lying rauiiovasnular dfsease. It is also true that coin* 
mindly air ution may produce COiil). in non- 
smokers similar to that r;hscrvcd in siroEen. Even 
low and commonly occur* it?;? CO. exposures may, 
jmpjir performance of com;::ex psyrhonuHor tasks. 
Finally that CO. has a vme in motor vehicle acci¬ 
dents, is supported by datam? high CO Mb. in many 
driver: involved in accidents. 

■ ■ L.K.N. 
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(b): Each statement in this paragraph can be challenged by work of other 
investigators. For ins dance, at a meeting: Lindenberg et all presented the elec¬ 
trocardiographic changes on exposing dogs for 6 weeks to 50 ppm, carbon monox¬ 
ide. De B:.as et al (I9<2) published the results; of their investigations indicating 
that exposure of dogs to 100 ppm carbon monoxide for 14 weeks dbes not influence 
die heart that has been previously infarctcd (see page 62). 
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(35) ROSE E F and RO.ZE M: Carbon monoxide: A challenge to the physician. 
Clin hied 78: 12-21, 197a. 

c i The riKouul of'CO iii'Gi^nrerfc 
smoke varicr. between 1 and 2:5 
per ocut by volume.;* and ran- 
create drj comfort not on‘y for ; 

the addict but aiso for others in 
the* environment. For ike aver¬ 
age cm o!tcr,. the concentration of 
CO 'reaching the* alveoli h; about 
0.0*1 per cent (400 ppm)-. The 
importance of cignretic-pro*- 

ducc-d GO is amply demonstrated ’ 

by samplings from fleet stibmn- - ‘ 
rincu submerged! for extended t 

periods. In 20 hours, concentra¬ 
tions may reach 0.01 per cent 

(100 ppm) , R with cigarette smoke • ... 

accounting for 75 to SO per cent 
of tlie CO production. 6 This cx- 
- ceedu the allowable maximum 

concentrations rcco:amended by 
the American Conference of 
GoveiTiraentalindurtrinl Hygien** 
iste, winch states that CO con- * 
ceritrations in the atmosphere 
-should bo kept below 50 ppm. 7 


(a) The concentralion of carbon, monoxide: reaching the alveoli is not 400 ppm 
for the average smoker. Jongbloed (1939) noted the highest level of 3 1.5 ppm after 
a subject finished smoking a 4th cigarette (see page 19)• 


u Because individuals who 
^smeke from 20 to 30 cigarettes 
daily have a COITb. level ranging 
from three to 10 per cenf, ic there 
is a widespread mistaken idea 
that smokers are more suscep¬ 
tible to environmental CO than 
are nonsmokers. CO from cigar¬ 
ettes and CO in the ambient air 
are not additive in their biologic 
effects-. CO is absorbed into the 
bloodstream only when the pres¬ 
sure of CO in the ambient air 
exceeds that in the pulmonary 
capillary blood. "Thus, persons 
with COHb levels of five per cent 
as a result of smoking do 1 not ab¬ 
sorb further CO unless the en¬ 
viron mjnUi I CO concentrations 
.'exceed 0.003 to 0.001 per cent. 
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ComiTientury (35)- Ros e, 


>f When cardiac fimof ten is nor¬ 
mal there is a; SKfidhcam margin 
of safety t-vcn though lilac CO 
intoxication is of long: cuirafinn. 
A variety ci oloclrocnrcJioyraw-b ic 
aberrations have been obset■'rod 
following CO poisoning, bu t. typi¬ 
cal! y there is a lorv-vohiaffe pat¬ 
tern ."’ 1 Recovery is apparently 
rapid foli»o\vi:r( the restoration uf 
oxygen and: there is a reversion 
to a “normal” elecirocardiogrran; 
however, enzyme studies may 
show altera!ions indierfliing ische¬ 
mic heart damage. 2 * ‘Epidemiolog¬ 
ic studies of cigarette smokers 
indicate that.the death rate from 
coronary heart disease is consid^ 
erably higher for smokers than 
for nonsmokers ," 1 and in patients 
with heart disease ihcre is deter¬ 
ioration of cardiac-function, in¬ 
dices at blood levels; of seven to 
nine per cent CO* Tb n 


(c) The cited reference for die last sentence is by Dinrnan (1970), an 
edito rici 1 that is commented upon elsewhere ini.this report (see page 160). 
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page 143 


(9) AN ON : Carbon monoxide poisoning 
278: 819-50, 1968. 


a timely warning. New England J Med 


The dfrueUe is another producer of carbon mon¬ 
oxide, Heavy cigarette smokers may j.:,ve as much 
as 10 per cent carbon monoxide hcmrvffijlun in their 
blood. Such levels may not be sufficient to cause 
impairment at sea ltvd but will be enough to pro¬ 
duce changes at altiiPdbs of 8000 to 10,000 feet A 
recent article bus demonstrated behavioral impair¬ 
ment associated with small doses of carbon mono.v 
. idc 3 — levels of exposure in the rarure accepted as 
tolerable in industry-. The results indicate that im¬ 
pairment of cerebral 1 function can occur at extreme¬ 
ly low levels (30! io 2o() ppm) during exposures of 
half an hour to two and a half hours. Further sup¬ 
port for central-nervmis-syslcm effects mines from 
the obscuration that low levels of carbon monoxide 
hemoglobin can significantly raise the threshold of 
light sensitivity of the eye. 4 


That heavy cigarette smoking may cause as much as 1.0% carboxyhemogl'obin 
in die blood is rare. Barach etal (1941) measured the peak levels in the blood of 
18 subjects who smoked 20i cigarettes daily and noted a mean level of 5. 7%, with a 
range or 2. 2% to 12. 3%. Fabre et a I (1951), in a group of 5 subjects smoking 24 
cigarettes, reported a mean level of 4. 85%, which represented an increase of 2. V 
over the level prior to smoking (see page 21). 
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I. INTRODUCTORY REMARKS • . 

In recent years there has been increasing concern as to the 
harmful effects of carbon monoxide released as an air pollutant* The 
importance of cigarette smoking as a source of carbon monoxide has beqn 
recently stressed. This review is an attempt to clarify the role of carbon 
monoxide in cigarette smoking. The relationship will be analyzed in terms 
• of carboxyhemoglobin blood levels and their influence on. the respiratory, 
circulatory, nervous, renal, reproductive, endocrine and musculoskeletal 
■'systems. 




x'Vr. 


At the outset it is pertinent to summarize the present state of 
knowledge relating to carbon monoxide in general and to carbon monoxide 
in cigarette smoke in particular. The information is summarized in the 
following publications: 

a. The toxicity of carbon monoxide has been reviewed by Sayers and 
Davenport (1930), Killick (1940), Lilienthal (1950), Root (1962) and Theodore 
et_al. (1971). These review articles have appeared at intervals of a decade 


ayd do not include the cigarette smoke as a source of carbon monoxide. 


b. The importance of carbon monoxide as an air pollutant has been 
reviewed by Goldsmith (1964), Kaye (1965), Finck (1966), Giever (1967), 
Goldsmith and Landaw (1968), Beard (1969), Leclerq and Proteau (1970), 


Casarett (1971) and Jcch (1972). These reviews appearing at yearly intervals 


emphasize the origin of carbon monoxide poisoning from sources other than V 

" " ■ •• .. . 


cigarette smoking. 
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(26) DOaLE J T : Smo’uug and myocardial infarction. Circulation 39 40: 

Suppl 4: 13&-43, 1969* 

' •• - •• -"' V, ■' 

Tiii's review contains a paragraph on the role of carbon monoxide in patho- . 
genesis of atherosclerosis* The author views the problem in the proper pers¬ 
pective. 


! *lhe manner im which, cigarette smoking ac- 
colcratfc\s aliier oscl er o sis and itv complications 
is, in short, unexplained. It is possible that in 
some way cigarette smoking damages; the* arte¬ 
rial inliina. Carbon 1 monoxide is the likeliest 
immediate candidate for such a role. Some 
. presently mysterious interference will) the 
normal mechanism of transport of lipids from 
the plasma through the vascular tunics to (lie 
lymphatics secondary to iho inhalation of cig¬ 
arette smoko is an alternative possibility: 
in nil populations yc t .scrutinized,. tltc’ j»i c:\- 
aleivce and incidence of CHID rius: with: the 

serum cho.csicrol ccu;ceiurui.joiu''“ Jt is, ac¬ 
cordingly, a plausible hypothesis that inordi¬ 
nate cigarette smoking may be associated with 
an increased serum cholesterol eeu uvni ration. 
Such a relationship dues, indeed, exist, 1ml is 
unimpressive. Although the serum cholesterol 
coJk’C'Jitral'iOiii m belli men and women is con¬ 
sistently liigher in cigarette smokers, the influ¬ 
ence of increasing. age is subskmlially greaterr 
(figs., 1 and 2). rv ' : The observation that heavy 
cigarette smolicrsha.ve far more atheroma than 
nonsmokers is, possibly, complemented ivy 
Aslruph observation! llniU fat-fed rabbits ex¬ 
posed to high tensions of carbon monoxide; 
exhibit' extreme hyperlipidemia and cholcxtor- 
osis as compared to controls not exposed io- 
carbon monoxidcv %:,t - 6 This interesting ex peri- 
mental model has, however, no recognized 
counterpart in human epidemiological studies. 
Obesity as a coronary risk, factor is not related 
to cigarette smoking, 2 Lastly, thearleriulblbod 
r pressure is not associated 1 with' cigarette Jiabi.l. 2 




922TSOSOOT 





*: 4; 

. ■. _ <■- 


- y 

■ -v -* 

*\ t'j. >:*' 


>j^V- 


o 


Page 216 

Additional! Bibliography List No> 14 

ACCIDENTAL. POISONING INVOLVING CARBON MONOXIDE AND OTHER CAUSATIVE FACTOR 

AITKEN R C B, BUGLASS D and KREITMAN N : The changing pattern of attempted suicide 

in Edinburgh, 1962 - 67. Brit J Prev Soc Med 23: 111 - 115, 1969. — A 617 

AMENDT P and'REDDEMANN H : Akzidcntelle vergiftungcn im kindcsalter. (Accidental 

poisoning in childhood), Z Gesamtc Inn Med 26; 188 - 90, 1970. A 618 

ANON ; Burnt children. Brit Med J 1:790, 1969. A 6 19 

BEAN, W B : President’s address. The ecology of the soldier in World War II. Trans Am 

Clin Climatol Assoc 79: 1 - 12, 1968* A 620 

BRANDENBERGER H : Resolution de quclqucs problemes de chimie toxicologique et legale 
par absorption atomique. {Solution of several problems of toxicologic and legal chem¬ 
istry by atomic absorption)] Ann Biol Clin (Faris) i 25: 1053-62, 1967. A 621 

BURSTON G R : Self-.poisoning in elderly patients. Gcront Clin (Basel) 11: 279-89, 1969. A 622 

BURVILL P W : Methods of suicide in Western Australia, Med J Aust 2:411-4, 1970. A 623 

DAVID A : Sebevrazedne otravy toxickymi prumyslovymi latkami. (Suicidal poisonings using 

industrial poisons). Cas Lek Cesk 110:118-22, 1971. * A 624 

FARBEROW N Land SIMON M D : Suicides in Los Angeles and Vienna. An i’ntercultural 

study of two cities. Public Health Rep 84: 389-403, 1969. A 625 

FATINI G and GALLENGA G : Considerazioni statistiche su 900 casi di morte improvvisa. 

(Statistical considerations on 900 cases of sudden dcathl Ospcd Ital Chir 18: 41-9, 1968. A 626 

FRANCOIS R C and BERTIN M : Etude statistique de la frequence des certaihes manifestations 
cliniques au cours de 1*intoxication aigue par l'oxyde de carbone. Leur valeur pronos- 
tique immediate. (Statistical study of the frequency of certain clinical manifestations 
during acute carbon monoxide poisoning. Their immediate prognostic value). Rass 
• Med Industr 33: 380-91, 1964. A 

GAULTIER M,' FREJAVULLE J P, BISMUTH C and PEBA Y-PEYROU LA F : Analyser dcs dos¬ 
siers d'hypoxies survenues lors d'intoxications algues a l'hopital Fernand-Widal. (Ana¬ 
lysis of histories of cases of hypoxia during acute poisoning seen at the Hospital Fernand- 
Widal). Poumon Coeur 26: 931-6, 1970. 

GOULD1NG R : The role of poisons information centres. Practitioner 194: 120-5, 1965. 

GRAHAM J D P and HITCHENS RAN: Trends in hospitalized accidental poisoning. Brit J 
Prev Soc Med 22: 55-58, 1968. ' ‘ ——~ 

GREGORY K L, MALINOSKI V F and SHARP C R : Cleveland clinic fire survivorship study, 

1929-1965. Arch Environ Health 18: 508-15, 1969. 

KAYES : Bedside toxicology. Fcdiatr Clin North Am 17: 515-24, 1970. 

KIM M W and PARK C S : Carbon monoxide poisoning in Korea. Proc Aust Ass Neurol 5: 

385-90; 196S. 

LACHNIT V : Vergiftungcn in dcr krankenhauspraxis. (Poisoning in hospital practice): Wien 
Z Inn Med 45: 242-6, 1964. 


A 628 
A 629 

A 630 

A 631 
A 632 

A 633 


A 6 34 





‘ /f 

Source: https://www.industrydocuments.ucsf.edu73ocs/h7mR0000 _ 


'; ... 


• *&*.., 

*' " \ , 

*v ■ ;> ■ '- •' 

•; itk*::lr- ■ 

• ’ftggfct 

■ . v - < Wr * 

y'; 


- * 
’ .n’t;: 4 * 

"*•. V. 



. r ■ V’ 




r cayc c » / 




’-71 



V j 





LITMAN RE: Psychological-psychiatric aspects in certifying modes of death, J Forensic 

Sci 13:46-54; 1968. A 635 

MALIK M O A : Problems in the diagnosis of the causes of death in burned bodies. J Forensic 

Sci Soc 11: 21-8, 1971. A 636 


MATTHEW H : Acute poisoning: some myth's and misconceptions. Br Med J 1:519-22, 1971. A 637 

PRELLWITZ W, SCHUSTER H P, SCIIYLM G, BAUM P, SCHONBORN H, UNGERN-STER hi- 
fi ERG A, BRODERSEN H C and POEPLAU W : Zur differential diagnose von organ- 
bcteiligungcn'bci exogenen intoxikationen mit Hilfe kliniscHcr und klins ch-chemischer 
untersuchungen. (Differential diagnosis of organ involvement in exogenous poisoning by 
means of clinical and clihico-chemical studies). Klin Wochenschr 48: 51-3, 1970. A 638 






o 


REDDEMANN H, AMENDT P and JAHRIG K : Spatprognose akzidentellcr vergiftungen im 

kindesalter. (Late prognosis of accidental poisoning in childhood). Dtsch Gesundhctsw 

25: 2027-32, H970. A 639 

ROPSCHITZ D K and OVENSTONE I M K : Two years' survey on self-aggressive acts, suicides 
and suicidal threats in the Halifax district between 1962 and 1964. PartT. . Self-Aggres¬ 
sive acts in the Halifax area. Int J Soc Psychiat 14: 165-87, 1968. A 640 


STURNER W Q : Some perspectives in "cot death". J Forensic Med 18: 96-107, 1971. A 641 


SZUCHOVSZKY G, KENYERES I and HARSANYI L : Analyse von 2956 vergiftungs-selbst- 
mordfallen. (Analysis of 2956 cases of suiaidal poisoning). Deutsch Z Ges C-erichtl 
Med 66: 19-29, 1969* A 642 

VARESE L A and SORANZO L : Avvelenamenti acuti nelPinfanzia. Avvelfenamenti da os: Wo di 
carbonio. (Acute poisoning in children. VII. Carbon monxide poisoning). Minerva 
Pediat 20:871-83, 1968. A 643 


VlEWEG C, GRUNEWALD G and ZIEGLER C : Die akute vergiftung. (Acute intoxication). 

Dtsch Gesundhcitsw 25: 2480-5, 1 970. A 644 

VOGEL,C : Vergiftungen im kindesalter. Eine klinische zehnjahresubersicht. (Poisonings 

in childhood. A 10-year clinical study). Z Aerztli Fortbild (Jena) 62: 486-91, 1968. A 645 





. \ 







o 


Page 218 

Additional Bibliography-List N-o* 15 • 

ACCIDENTAL POISONING INVOLVING CARBON MONOXIDE 

en dichors 

ALEXANDRE A : La pollution dc l'atmosphcrc par I'oxydc de carbonc/dfcs lieux de travail. Dc- 
pistage. Manifestations cliniqucs, (Atmospheric pollution due to ca rbon monoxide outside 
places of employment. Detection* Clinical manifestations). Acta Tubcrc I3ol g 58: 905- 
9* 1967. , A 646 

ANDERSON T B : Natural gas, unnatural causes. Lancet 1: 466, 1970. A 647 

ANON : Natural gas: friend or foe? Lancet 2: 699-700, 1970. A 64b 

ANON : Carbon monoxide poisoning; Brit Med J : 1: 180, 1970. A 649 

ARONDEL E, GAUBERTIi P and ROCHET J : Six cas d'anoxie accidentclle par apparcils de 

chauffage mobiles a gaz butane. (Six cases of accidental anoxia caused by a mobile butane 
gas heating appliance). Ann Med Leg (Paris) 44:443-5, 1964. A 65u 

BERTIN M, FRANCOIS R C, PEQUIGNOT H and SOULAIRAC A : Epidemiologic des asphyxies 

par le gaz. Remarques methodolagiqpes. (Epidemiology of asphyxia due to gas. Methodo¬ 
logical remarks). Scm Hop Paris 46: 2657-7,1, 1970, A 651 

BETHEUIL M J and DELAHAYE-PLOUVIER G : A propos de deux comas oxycarboncs. (Apro¬ 
pos of 2 carbon monoxide comas)] Anesth Analg(Paris) 24: 439-41, 1967, A 652 

BOZEK J, PAJOR Z and WASOWICZ Z ; Frzypadek ciezkiego zatrucia tlcnkiem wegla dziecka 

6-letniego. (Case of severe carbon monoxide poisoning in a 6-year old child). Pediat Pol 
40: 1271-3, 1965. A 653 


BGUR H : L^intoxication oxycarbonee. (Carbon monoxide poisoning). Gaz Med France 71: 
2793-814, 1964. . 


A 654 


BURG F D and DOUGLASS J M : In cold gas. Safeguards against carbon monoxide poisoning. 

Clin Pediat (Phila ) 8i 590-3. 1969. A 655 

CALLIGARI G : Intossicazione da ossido di carbonio, cianuri e sostanze metacmoglobinizzanti.. 
(Carbon monoxide, cyanide and methemoglobinizing substance poisoning). Miner\ r a Anest 
*34: 1109-16, 1968. .A 656 

CHERKAVSKIR N B : (Carbon monoxide poisoning). Vocn Med Zh (Russia ) 11: 34-5, 1970. A 657 



CROSETTI L, PETTINATI L and RUBINO G F : Alcune considcrazioni in tema dh prevenzione 

tecnica e biologica dell ’intossicazione da ossido di carbonio. (Considerations on the tech¬ 
nical and biological prevention of carbon monoxide poisoning); Med Lavoro 56 : 604-12, 

1965. A 658 

CUGHE M M and BERNARD C : A propos de quelques formes particuliires d^intoxication oxy- 
carbonec aigue; (Apropos of various special fofms of acute carbonc monoxide poisoning). 

Rev Lyon Med 18: 217-22, 1969. A 659 


DALGAARD J B 550 Kohlcnoxyd-todcsfallc. (550 deaths from carbon monoxide poisoning). 
Actd Med Leg Soc (Liege) 18: 25-37, 1965* 


A 660 


6 


DiMIZIO M, FELICt F and BIETTI C : Su un caso di avvclcnamcnto da ossido di carbonio: con¬ 
tribute olinico. (On a case of carbon monoxide poisoning: clinical case). Riv Neurol 39: 
425-34, 1969. A 66 1 


DQUZE J M : Koolmonoxydevergiftigiug door aardgas. Douchcn, eon gevaar? (Carbon monoxi* 
dc poisoning from natural gas. Showering, a danger? ). Ned Tijdischr Gcneeskd 115: 
1487-93, 1971. 











Page 219 




Additional Bibliography I.ist No. 15 


DOUZE J M C, HEYST A N P, KREUKN 1 ET J, LEEUW R Ji M and HAMELINK M L : Koolmonoxi- 
devcrgiftig ingen. Is gcbruik van aardgas wel zo ongevaarlijk? Pliarm V/eckblad 102 - 
351-60. 1967. ' a663 

FELDMAN I G and LAMPERT F F : (Atr pollution by, highway photoxidanls on various floors of 

apartment houses). Gin Sanit (Russia ) 33:89-91, 1968. A 66-1 

FISHER T L : Carbon monoxide poisoning: Legal responsibility for failure to diagnose. Canad 

Med Ass J 99:235-6. 1968. “ a 665 

FRYZE C, GRUSZKA E andi ZAWADZKI W : Zatrucie gazem swiellhym (tlcnkiem wegla) o bardzo 
ciczkim przebiegu. (Case of very severe carbon monoxide poisoning). Prze^li Lok (Pol) 

26: 723-4. 1970. A 666 

■. GILL G S : The Jiko and carbon-monoxide poisoning. East ATr Med J 48: S5-7, 1971. A 667, 

GLASS F. MALLACH H J and V/OJAHN H : Uber den CO-Gchalt des blutes boi akuter Kohlen- 
. monoxyd-Vergiftung. (On the CO-content of the blood ih acute carbon monoxide poisoning). 

Arzneimittelforschung (Germany) 16: 1553-5, 1966. A 668 

GO LACK A K, JANIK-KURYLCIO S and ROZEK S : Zatrucia tlenkiem wegla. (Carbon monoxide 

poisoning)] Pol Tyg Lek 24: 1813-5, 1969. A 669 


GOLDSMITH J R : 


Carbon monoxide. Science 157: 842-4, 1967. 


GR^MY F, SALMON D, FRANCOIS R C and BERTIN M : Asphyxies accidentelles et volontaires 
par le gaz d'eclairage survenues a Paris de 1949 a 1962. (Accidental and voluntary as- 
. phyxiations by coal gas occurring in Paris from 1946 to 1962. Statistical study. Parti cuV 
lar influence of the concentration of carbon monoxide and atmospheric conditions). Prcs - 
- se Med (France ) 76: 1099-102. 1968. . A 671 


• y - fr 

; ‘ «iv N- • ft. 


GRIFFITHS Ji C : North Sea gas. Lancet 1 : 562, 1970i / 

r 

GUEYE S N, BA H and DIOP I : L*intoxication oxycarbonee a Dakar. (Carbon monoxide poison¬ 
ing in Dakar). Bull Soc Med Afr Noire Lang Fr 10:422-5, 1965* / 

HUGHES E R and FISHER DA : Carbon monoxide poisoning. J Arkansas Med Soc 62: 255-60, 

1965* / 


KASHIMA T, FUKUI M, MASUDA Y, WAKASUGI C and HAYAMA R ; Report of five cases 

where ordinary vinyl bag was used for suicidal'purposc. Suffocation, CO-poisoning and 

H thinner M -poisoning. Jap J Leg Med 23: 248-52, 1 969. A 675 

KITTREDGE R D : Pulmonary edema in acute carbon monoxide poisoning. Am J Roentgenol 

Radium Thcr Nucl Med 1 13:680-1. 1971. A b (G 

KLINGHOFFER M : Ca rbon monoxide poisoning; Illinois Med J 128: 310^2, 1965. * A 677 

KRISH.NAN S, KUPPUSWAMY G, MANI S and MAJID J.l A : Carbon monoxide poisoning. J Assoc 

Physicians India 19; 409-1 1, 1'97I. • A 678 

KUROIWA Y : Carbon monoxide poisoning. Jap J Clin Med 25: 1647-52, 1967. A 679 

LAMY M and NOIRFAL1SE A : Intoxication oxycarbonee et gaz naturcl. (Carbon monoxide and 

natural gas poisoning). Rev Mod Liege 26: 128-33* 1971. A 680 

LcBREJ ON R and CARAT J : Intoxications oxycarbonees aigues provoquees par fautes dc'utili- 
sateurs de poeles a combustibles solides. {Acute carbon monoxide poisoning caused by 
negligence iniusihg a solid-fuel stovc)i Ann Med Leg (Pa ris) 44: 430-5, 1964. A boi 


o 

^5 f *‘ H-v 1 ' 

© *1. 

g V 

co f.i 




-i.. ,,p - <v 








if-. 






Source: https://www.industrydocuments.ucsf.eau/aocs71iTitil^ 





Page 220 


Additional Bibliography List N6« 15 


LcBRETON R and CARAT J : Intoxications oxycarbonees aigues provoquccs par fautcs deUitilisa- 
teurs db'apparcils a combustibles gazeux ou liquidbs. (Acute monoxide poisoning caused by 
negligence in using gaseous or liquid fuel appliances), Ann Med !,<>?■ (PariIs 1' 44 ■ 435-43, 

1964. A 682 

LEHR E L : Carbon monoxide poisoning: A preventable environmental hazard. Am J Public 

Health 60: 289-9.3* 1970. A 683 

MACH AT A G : Die dtffcrenzierung der KohlcnoxidVcrgiftung, (The distinction of carbon mo¬ 
noxide poisoning); Arch Toxik (Germany) : 23: 136-40, 1968. A 684 

MARI E and RIZZATTI E M : UHeriori osservazioni in tema di Intossicazione da ossidO d[ car- 
bonio c sindromc generalc dcll'adattamcnto. (Latost observations on the subject of carbon- 
monoxide poisoning and general adaptation syndrome). Minerva Me dicoleg 84; 162-7. 

1964. A 685 


McBAY A J : Law-Medicine notes. Car bon'monoxide poisoning. Nlew Eng J Med 272: 252-3, 

1965. A 686 

McNALLY W D : Carbon monoxide poisoning. I llinois Med J 59: 383-88, 1931'. A 687 

MENZ M J : Ein pseudogift. (A pseudo-poison), Int Arch Gewerbcpath (Germany) 22: 2 30-5 

1966. A 688 

mULLER G M and HUNG N ; Einige daten zu fra gen der todlichen CO-vergiftung. (Some data 

on the problem of lethal GO-poisoning), Z Aerztl Fortbild (Jena) 62: 761-6, 1968. . A 689 

MUROFUSHI K and MINAGAWA M> : (Case of carbon monoxide poisoning with aging phenome- 

. na). Advances Neurol Sci (Tokyo) 13: 39-48; 1969. A 690 


- 






OBERSTEG J I and DELAY F : 6 Jahre erfahrungen mit entjiftetem kochgas. (6 years of ex¬ 
perience with detoxicated cooking gas.) _D£ui^ch_Z_Gcs_Geri_chtl_Jvicd_ 58: 122-6, 1966. A 691 

PETIT A G, PETIT G and GEILLE A : Contribution a l’etude etiologique dc l'intoxication oxy- 
carbonee. (Etiology of carbon monoxide poisoning). Med Leg Domm Corpor (Paris) ' 3: 

278-82, 19701 A 692 

POLLARD J A : Burns and carbon-monoxide poisoning. Brit J Surg 57: 635-7, 1970. A 693 


RITUCCI A and LUVONL R : Rilievi medico-legali su cast plurimi mortal! di acuta intossica- 

* zionc ossi-carbonica con riferimento alia cronoltogia della niorte. (Mcdico-legal findings 
on plural fatal cases of acute carbon monoxide intoxication with reference to> chronology of 
. death). Minerva Mcdicolcg 85: 45-51, 1965. A 694 

ROSE E F : Carbon monoxide intoxication and poisonings J Iowa Med Soc 59i 909-17, 1969. A 695 

. ROSENTHAL S G : Lethality of carbon monoxide in fires. New Eng J Med 279: 111-2, 1968. A 696 

SATOII K, KIYOTANI T, MINAGI Y And KONDO M : Isolation and identification of narcotics by 

thin layer chromatography, 4. Isolation and identification of narcotics in carbon monoxide 
poisoning* Jap J Leg Med 20: 6-10, 1966, A 697 

SLASEV A N : (A severe case of carbon monoxide poisoning with a favorable outcome). Vrach 

Dclo 1 1: 126-7, 1966. A 698 

SMITH J S and BRANDON S : Acute carbon monoxide poisoning - 3 years experience in a defined 

population. Postgrad Mcd.J 46: 65-70, 1970,' A 699 

STICI1NOTI1 E and ZUMBANSEN H : Ubcr farbveranderungen von leichcnorganen nach CO-vcr- 
- giftung bci .spatcxhumicrung; (Changes in color of cadaver organs following CO-intoxica- 
tion in late exhumation). Beit r Gcrichll Med 27: 237-41, 1970. A 670' 


TV;; 











Sc r; 

8 Jm- 










rage Lt i 




Additional Bibliography List no. 15 

SUCHCICKI L, : Uwagi medy.ka sadowegp tyczace wczesncgo rozpoznania zatruc tlcnkicm; wegla. 
(Remarks of a forensic medicine specialist concerning the early diagnosis of carbon mo¬ 
noxide). Wind Lck 23: 1563-5, 1970. 

THOMSON \V : Carbon monoxide poisoning. Ntirs Times 67: 668-9, 1971. 

TOTSU1CA S, MORO IC f; HORIE T and YAZAI\I M : (Continuous and prolonged symptoms in 2 
cases of gas poisoning). Adv Neurol Sci (Tok) 15: 592-605, 1971, 

TOYA G : A clinical study on carbon monoxide poisonings J Kumamoto Med Soc 41: 377-420, 

; 1967 . 

TRAKHTENBERG S A : (The clinical picture of acute carbon monoxide poisoning). IClin Med' 
(Moskva) 44: 112-5i 1966. • 


XUTT J B : Carbon monoxide poisoning. Vet Rec 87: ; 107-8, 1970. 

VICH V : (Problems of carbon monoxidfe poisoning). Cas JLek Cesk 108: 1485, 1969. 

VlOIiET M M and PER ROT E : Intoxications par l'oxydc de carbonc. (Carbon monoxide poi¬ 
soning)] J Med Lyon 48: 81 -6* 1967i. 

VIVOLI G and PREITE E : Sulla corruzione dell'aria degli ambienti riscaldati da stufe a gas 

liquido. (On air pollution in rooms heated withliquid gas stoves). Rlv Ital Ig 26: 113-26, 

1966 . 

VORONCHUCK G Z : (A rare case of severe carbon monoxide poisoning). Klin Med (Moskva) 

• 44: 115-6, 1966. 

WATANABE S, K1TAGUGHI T, KIYOFUJI T, MORISAKI Y, MASUDA T, NOGUCHI K and MAT- 
SUMOTO S : An autopsy case of CO gas poisoning by incomplete combustion of fuel pro¬ 
pane gas. J Kumamoto Med Soc 44: 354-8, 1970. 

WATSON ES : Four cases of carbon monoxide poisoning in one family. S Dakota J Med 21: 
15 - 8 , 1968. 

WEIGT H : Ungewohnlicher verlauf einer KohlenoxydgasvergiftUng bei einem Ehcpaar. (Un¬ 
usual course of carbon monoxide poisoning in a married couple. Psychiat Neurol Med 
Psychol (Leipzig ) 19: 147-52, 1967. 

WII#SON E F, RICH T H and'MESSMAN H C: The hazardous hibachi. Carbon monoxide poison¬ 
ing following use of charcoal. JAMA 221: 405-6, 1972. 

ZORN H : Zur diagnostik der chronischen kohlbnoxydvergiftung. (On the diagnosis of chronic 
carbon monoxide poisoning). Rass Med Intlustr 33: 325-9, 1964. 




\‘ v • , 


■i- -m 
v.-- -M 


- . ...justify,. 

© :-}M§ 

§ 


fi 




i :• 


* \. ■ r% 

‘ r " - 




ource: niips:77wwwjndustrydocuments.ucsT.edu7ddcs 






Page 222 


Additional Bibliography List No. 16 


INDUSTRIAL POISONING INVOLVING CARBON MONOXIDE * 

Reprint 

ALEKSANDROV V N,, BESGIIOCIILOW D I, DA VIDOV O V : (Pathogenesis of poisoning by gun¬ 
powder gases), Vo on Med Zh 7: 28-30; 1970. ... A 686 


ANON : Hazards in gasworks. Brit Med J 5439: 876-7, 1965. 


BASMADZHIEVA K, KURCHATOWA G, DAVYDKOVA E and TSWETANOV J : (The character 
of the combined action of sulfurous gas and carbon monoxide in their simultaneous pre¬ 
sence in the atmosphere). Gig Sanit (Russia ) 33: 7 3-7i, 1968. A 688 


BRIGATTf L, PAltIGI A and VARETTO L ; Sul rischib di ossicarbonisma in una industria metal* 
mcccanica^ (On the risk of carbon monoxide poisoning in a metal machine factory). Rass 
Med IndustT (Italy ) 33:417-9, 1964. A 689 


BUCKLEY A R and FEAR E C : Precautions taken for the protection of workers in the British 

gas industry against carbon monoxide poisoning. Rass Med Industr 33: 296-308, 1964. A 690 


CAPELLARO F : As petti di prevenzione medica in una moderna officina di produzione di gas. 

(Aspects of medical preventioni in a modern gas production plant)* Rass Med Indus tr 33: 
398-400, 1'964. A 69 1 


CAPELLARO F and BRAGUZZI E : Su alcuni fattori limitanti 1'idoneita* lavorativa in ambienti 
con rischio di intossicazione da co. (On some factors limiting work ability in areas with 
risk of carbon monoxide poisoning). Folia Med (Napoli) 47:1068-73, 1964. A 692 


CASCINI F and GAZZERRO F : Saldatura elcttrica ed ossicarbonismoj (Electrical welding and 

- carbon'monoxide poisoning)] Folia Med (Napoli) 49: 433-46, 1966. ■? ^ A 693 


COS1C V,, ARSENLJEVIC M, KANDIC B and GRBESA B : Akutno trovanje ugljen-monoksidom u 
rudniku Banovici. (Acute carbon monoxide poisoning in the mine)] Vojnosanit Pregt 21: 
157-64, 1964. A 694 


DATSENKO I 1 : (The carbon monoxide content of the air in the foundry shop of the "Avtopo- 

gruzchik" factory). Gig Tr Prof Zabol 9: 55, 1965. A 695 


DEANE M, GOLDSMITH J R and TUMA D : Respiratory conditions in outside-workers. Arch 

Environ Health (Chicago) 10: 323-331, 1965. - A 696 


ACRETSER A J, EVANS W D and WALDRON H A : Carbon monoxide hazard in the CO^ arc-weld¬ 
ing process. Ann Occup Hvg 7:253-9. 1964. A 697 


DESBAUMES P : Intoxications mortelles par les gaz de fermentation de silos agricoles (oxyde 
de carbone ct oxydes d'azote*. (Fatal poisoning by silo gases (carbon monoxide and oxides 
of nitrogen). Arch Toxik 23: 160-4, 1968. • A 698 


DETTORI G and SCANSETTI'G : Importanza del controllo dclPcfficienza degli impianti indus¬ 
trial! aii fini dcllai prevenzione dcU'bssicarbonismo, (Importance of the inspection of the 
efficiency of industrial installations for the purpose of prevention of carbon monoxide poi¬ 
soning). Rass Mod Indus tv 33: 394-7, 1965. A 699 


FIRST M W and MURPHY R LII : Carbon monoxide exposures from snow molting machines. Am 

Ind Hyg Assoc J 31: 754-7. 1<9?0. A 700 


GER1TSEN W R : Quolques aspects de la prevention de l'bxy ca rbonisme des travailleurs. (Some 
aspects of the prevention of carbon monoxide poisoning in workers). Rass Medilndustr 33: 
356-9, 1964; " A70l 






















-■ "r , .. 


. .C 

Source: https://www.industrydocumenis. 


ydocu me ntsTiTcSrf” 11 ^^"* 



ImsT 






Additional Bibliography List No. 16 


Page 223 


GUEPIN : A propos de'un cas d'oxycarbonisme presume cn cale, (A case of poisoning by carbon 

monoxide presumably from a ship’s hold)* Arch Mai Prof 30: 355-7, 1969. A 702 

JORDI A : GcwcrUlicho loxikologic und soziale medizin. (Industrial toxicology and social medi- 

cinc). Praxis 57:785-93, 1968, A 703 

KEMKES B : Bcrufskrankhcitcmdurch gaeformige gifte. (Occupational gaseous poisonings), 

: Med Klin 37: 109-11. 1-941. ... " A 704 

LUND EVA LL, J : Carbon monoxide intoxication from insulation of electric cable. Med Sci flaw 

. 12: 203-4; 1972- A 705 

■< r -**« . • • ■ 

MARANZANA P, TRONZANO L and COSCIA G : Su due successive cpisodi di intossicazione da 
ossido di carbonio in uno stosso gruppo di operai friggitori. (On 2 successive episodes 
of carbon monoxide poisoning in the same group of workers engaged! in potato-chip frying. 

. / . Rass Medi Industr 33: 407-10, 1964. . ...... A 706 


MARCHIAROG, MARGARIA E, GAIDO P C and AQUARO G : Equilibrio acido base nell'intossi- 
cazione acuta sperimentale da ossido di carbonio. (Acid-base equilibrium in acute expe¬ 
rimental carbon monoxide poisoning). Rass Med Industr 33: 452-3, 1964. 

MONACO B : I/ossicarbonismo e la determinazione del CO negli ambienti di lavoro ricerche 

in una grande officina per la produzione deli gas di citta. (Carbon monoxide poisoning and 
carbon'monoxide determination in work areas. Research in a large workshop for city gas 
production). Rass Med Industr 33: 4 95-527,, 1964. J 

MOSS C J : Machinery hazards, Ann Occup Hyg 12; 69-75, 1969. 

REPLOII H, KLOSTERKOTTER W and EINCK-ROSSKAMP P : Zur frage der toxizitat von 
kunststoff-vcrschwelungsprodukten. (On the.problem of the toxicity of products of the 
carbonization of plastics). Arch Hyg Bakt 150: 393-405, 1966. J 




’ • ->-• 


RODKEY F L, COLLISON H A and ENGEL R R : Release of carbon monoxide from acrylic and 
polycarbonate plastics. J Appl Physiol 27: 554-5, 1969. - * 

ROSSO M and DUGHERA L : Problemi d'inquinamento da CO in ambiente metalmeccanico pe- 
sahte. (Problems of air pollution with CO in heavy metal machine factories). Rass Med 
Industr 33:354-5, 1964. 

SADOKIERSKI W : Obraz krwi obwodowej u pracownikbw zakladow suchej destylacji drewna. 

(Peripheral blood picture in workers employed in dry, wood distillation. Med Pracy 16: 
61-5, 1965. ■ — 


SCHAFFERNICHT H, Z IEGLER V and REINHARD H : Untcrsuchungcn uber die gefahrdung 
durch Kohlcnmonoxid in Rauchereien. (Studies on carbon monoxide hazards in smoke¬ 
houses). Z Gcsamte Hyp 16:; 503-8* 1970. 




■ SCHIECHE M; KE LER M j and KOBER S_: Erhebungen zum Krankenstand eines hochofen- 

betriebes. (Data on sickness in a blast furnace steel plant). Z Acrzth Fortbild (Jena)> 64: 

617-211, 1970. 

SCHUTT.MANN 1 W : Berufllche intoxikationen unter dem bilde vcgetatiYcr dysregulationcn, (Oc- 
• cupational poisoning under the clinical picture of vegotat'ive dysregulations)j Z Acrztl 
Fortbild (Jena)! 62: 1-8, 1968. _ “ 

SniRABE T, MAWATARI S and KUROIWA Y : (Autopsy case of carbon monoxide poisoning at 
the Miikc coal mine explosion; A case of lung cancer with the fatal outcome in 3 years • 
and 4 months): Advances Neurol Sci (Tokyo ) 321i-6, 1970. 


cn 


• -■* > v ^ 








Source: https ://www.industrydocuments.ucsf.edu7abcs/nrmkUUU0 




Page 22h 






c 


Additional Bibliography List No. 16 

SIEGIUST Hi: Die gcfahrlichkeit dfcr Fliissiggaso. (The danger of liquid gases), Deutch Z 
Gcs Gerichu Med 57: 153-61, 1966. 

v 

STEWART R D, FISHER T N, HOSKO M- J, PETERSON'J E, BARETTA E D and DODD H G : 
Carboxyhcmoglobin elevation after exposure to dichloromcthane, Science 176: 295-6, 
1972 . 

SUPFLE : Zur frage dcr chronischcn KohlcnoxydVergiftung. {Chronic carbon monoxide poison- 
lhg)i Med Klin 29: 1727, 1933* 

TATETSU S, TOYA G, MIMURA K, HARADA M and TSUKAVAMA T : (A four-year clinicali 
follow-up study of mass carbon monoxide poisoning dtie to a coal-mine explosion.) 

' Advances Neurol Sci (Tok) 13: Hl-19, 1969. 

TEBBENS B D and SPEAR R 0 : Quality control of work environments. Am Ind Hyg Assoc J 

• “ . 32: 546-51, 1971. * 

THURSTON G : The lethal boiler flue. Medicoieg J 36: 191-6, 1968. 

VENGERSKAIA K, NAZYROV G N, BOPROVA LS, DUBROVSKY S J and DUMKO V P : 

(Sanitation-chemical assessment of the use of new synthetic materials under hot climatic 
conditions). Gig Sanit 33: 23-4, 1968. 

VUOPALA U, HUHTI E, TAKKUNEN J and HUIKKO M : Nickel carbonyl poisoning. Report of 
25 cases. Ann Clin Res 2: 214-22, 1970. 

WAGNER F J : Reihenuntcrsuchungen bei Kohlenoxydexponierten. (Mass examinations c£per- 
sons exposed to carbon monoxide), Z Ges Hyp 10: 621 -7., 1964. 

WOHLERS H C, NEWSTE1N H and BAUNIS D : Carbon monoxide and sulfur dioxide adsorption 
on - and desorption from glass, plastic and metal tubings. J Air Pollut Contr Ass 17: 

* 753-6. 1967. * 

ZARIVAISKALA K : (Pollution of the air of gas-supplied dwellings with various ventilation sys¬ 
tems). Gig Sanit 31: 100-2, 1966. 


A 718 

A 719 

A 720 

A 72* 

A 722 
A 723 

A 724 

A 725 

A 726 

A 727 

A 728 







Page 225 


Additional Bibliography List No. 17 


. THERAPY OF CARBON!MONOXIDE POISONING 

AQUINAS M : Coal gas poisoning; a nursing care study. Nurs Tihics 60: 1208-10; 196-1. 


Reprint I 
A 729 I 


BEGHE"RAOUL : Esperienzc in tema di trattarnento dcll'ossicarbonismo acuto. (Experience 

in the treatment of: acute carbon monoxide poisoning). Rass Mod Industr 33: 337-48, 196*1 A 730 

BELAISCH J : La plasmath<<rapie. (plasmatherapy.) Vic Med Paris 35:999-1002, 1954. A 731' 

BORBELY F : Die behandlhng der kohlenoxydvergiftungen. (Treatment of carbon monoxide 

poisoning), Dcutsch Med Wschr 90; 1963-4, 1965. A 732 

BOULETREAU P and MQTIN Ji : Etude d’une serie homog^ne de 50 comas oxycarbones traites 
par I'oxygenotherapic hyperbarc. (Study of a homogeneous series of 50 cases of coma due 
to carbon monoxide poisoning and treated! with hyperbaric oxygenation). Moroc Med 50: 

386, 1970; A 733 

BOURH, PASQUIER P and BERTRAND-HARDY JM: Le coma oxycarbomf. Jstudc gdndrale, 
climque, biolbgique ct ther^peutique de 290 cas.- (Carbon monoxide coma. General 
study, clinical, biological and therapeutics of 290 cases). Scm Hop Paris 42: 1839-61, 

1966. A 734 

BRANDONS: Treatment of carbon monoxide poisoning. Lancet 1: 626, 1970. A 735 

——— *• 

BURMEISTER H, BAR CKO W D; HUMPERT U, IBE K and LEKCHE D : Die kunstliche beat- 
. mung. Ein erfahrungsbericht. (Artificial 1 respiration. Report based on personal ex¬ 
perience). Deutsoh Med Wschr 93: 517-22, 1968. A 736 

BURMEISTER H and HEUHAU G A; Die behandlung dcr schweren subakuten leuohtgasvergiftung 
beim menschern (Treatment of severe, subacute natural gas poisoning in humans). Arch 
- Toxikol 26: 277-92, 1970; A 737 


'IIP 


"^Jlt 


•*>;- ' & 
-l •• "A* 

1 2 * - -W 


CARUSO G and BARNABA A : Tratt&mentb con diazepam e remissionc della sintomatologia ex- 
tra pi rami dale in un caso di pa rkinsonismo din inlossicazione con ossido di carbonio. 

(Treatment with diazepam and remission of the ex*trapyramidal symptoms in a case of 
parkinsonism caused by carbon monoxide poisoning). Acta Neurol' Napoli 23: 103-10, 

1968. A 738 


CENTI R and ZAFFIRI O : Gonsiderazioni su di urn caso gravissimo di osstcarbonismo acuto 
favorcvolmente risolto con acido ascorbico ad alte dosi e con ll-dopa. (On a very grave 
case of acute carbon monoxide poisoning favorably rcsoUved with high doses of ascorbic 
acid with L-dopa). Minerva Ancstesiol 37:406-14:, 1971. A 739 

CIIUKHRIENKO D P and LULKO A V ; (Extrarenal hemodialysis in carbon monoxide poison¬ 
ing); Vrach Polo 12: 18-21', 1968,. A 740 

CIOCATTO E and PATTONO R : Organizzazione di un centro di rianimazione respiratoria te- 
rapia dell'intossicassionc acuta da ossido di' carbonio. (Organization of a respiratory re¬ 
suscitation center. Therapy of acute carbon monoxide poisoning). Rass Med industr 33: 

330-3* 1964. A 741 

COLLINS J V and GOULDING R : Treatment of acute poisoning at Guy's Hospital: October 1969 

to September 1 970. Guys Hosp Rep 120: 31-46, 1971. A 742 

DAMIA G, SIBII.LA E and DAMIA G : Considerazioni sulla prognosi e trattarnento di alcunlcasi 
di avvclenamento da barbiturici' c da CO. (Considerations on the prognosis and treatment 
of some cases of poisoning dUe to ba rbiturates and carbon monoxide). Minerva Ancst 31: 

564-8, 1965. A 743 






C/1 '•% 

.© 1 *%■ 
cn 4-* 

H* - 4 *. 

w -ri 




$8^1 






Source: https://www.industrydocuments.ucsf.edu/docs/hfmk0000 






A 

V 






O 


Page 226 

Additional Bibliography List No. 17 

ESTLER C J : Uber. Veranderungcn dcs Mirnstoffwechsels nach nkuter Kohlcnmonoxydvcrgiftung 
und ubcr den Einfluss von Nat r iumsuccinal auf die Kohlcnmonoxydvcrgiftung. (On changes 
in brain metabolism following acute carbon monoxide poisoning and about the effect ofi so¬ 
dium succinate on carbon monoxide poisoning). Arch Int Phnrmaeodvn 158: 415-28, 1965. A 744 

FOURNIER E : Tratlcment dc 1 1’intoxication oxycarbonec aiguo. {Treatment of acute carbon 

monoxide poisoning); Cah Coll Med Hop Paris 8: 1227-30, 1967. A 745 

GAULTIER M, FOURNIER E, GERVAIS P, EFTHYMIOU M *L, SRAER G, BISMUTH G, BODIN' 

. F, CHRISTOFGROV B, SICOT C and FREJAVILLE J P : Travail du seefeur de reanima- 
• lion dc la clinique toxicologique pendant I'anncc 1967. (Work of the resuscitation center 
’ of the Toxicology Clinic during the year 1967); Bull Soc Med Hop Paris 1 19: 75-86, 1968. A 746 

GERBER H U and SEE WALD H : Pathophysiologic und Thera pie der akuten Kohlonmonoxidvcr- 
giftung, (Pathophysiology and therapy of acute carbon monoxide poisoning). Z Acrztl 
Fortbild (Jena) 60: 1085-92, 1966. A 747 

GLASEL E : Haufigscit und: organisierte Bereitschaft bei der Behandlung exogener Intoxika- 
tionen. (Incidence and organized readiness in the treatment of exogenous intoxications). 

Z Gesamte Inn Med 7: 195-8, 1970. A 748 

GOTO H : (First aid; in gas poisoning in large cities). Naika 22: 251-6, 1 968 4 A 749 

GOULDING R : The treatment of acute poisoning. Trans Med Soc London 83: 9-18, 1967. A 750' 

GOULCN M, BAROIS A, RAPIN M, NOUAILHAT F, AUGUSTIN'P, HENNETIER G, BAGUET 
J C, KUNTZIGER H and BRETEAU M : Traitementi de 1'intoxication oxycarbonec par 
l*oxyg£nc hyperbare (a propos de 20 observations). (Treatment of carbon monoxide poi¬ 
soning with hyperbaric oxygenation. Apropos of 20 cascsk Bull Soc Med Hop Paris 116: 
649-71, 1965. A 751 

* GOULON M, BAROIS A, GAJDOS P, LABROUSSE J, SCHORTGEN G, AMERONGEN G and 
ROBERT J F : Problcmes physiopathologiques ot' therapeutiques poses par 1'oedeme 
aigu pulmonaire toxique. (Physiopatholbgic and therapeutic problems raised by acute 
toxic pulmonary edema). Foumon Cocur 26: 1039-65, 1970. A 752 

HEYNDRICKX A, SCHELRIS C, VERCRUYSSE A and OKKERSE E : Gas chromatographic deter¬ 
mination of carbon monoxide in blood and the hyperbaric oxygen treatment in carbon mo¬ 
noxide poisoning cases,. J Pha rm Belg 25: 247-58, 1970. A 753 

KILLICK E M andMARCHANT J V : The effect of barbiturates on the resuscitation'of dogs from 

severe acute CO poisoning. J Physiol London 180: 80-95, 1965. A 754 


LaVERNE A A : Carbon dioxide therapy, healing,and air pollution. A more effective rapid'coma 
technic for psychiatric disorders. Behav Neuro psych tat 2: 10-25, 1970. 

LEVIN M : Smoke poisoning treated by antacids* J Med Soc New Jersey 62: 215-6, 1965. 

LIZANETS M N and ZARKEVICH U P : (Experience with intensive therapy in cases of acute 
poisoning by automobile exhaust and: carbon'monoxidle. Voen Med Zh 11:72-4, 1971. 

MATTHEW H : Treatment of carbon monoxide poisoning: Lancet 1: 518, 1970. 

NIELSEN 1 B : Thermoregulation during work in carbon monoxide poisoning. Acta Physiol Scand 

82: 98-106, 1971. A ? 59 

NORMAN; J N and LKDINGMAM I M : Carbon monoxidb poisoning: Investigations and treatment. 


A 755 
A 756 

A 757 
A 758 


Pror.r Brain Ros 24: 101-22, 1967. 


A 760 


NOUAILHAT F: Conduite a tenir on presence d'vmc intoxication oxycarbonec aiguc; (Procedure 

lo follow in the presence of acute carbon monoxide poisoning), Progr Med Paris 92: ^ ^ j 

537-45, 1964. 



■■mm 







yt .. ' ' v. r : • 

y ** v • ' ' * 



-rs 


_ _ _ 

Source: https://www.industrydocuments.ucsf.edu/docs/hfmR0000 




Additional Bibliography List No* 17 


Page 227 


OKULOVSKI V K and HAGIIATUROV G S : (Resuscitation of patients in severe forms of carbon 

monoxide poisoning). Vocn Zh 11: 66-7, 1968. . A 762 

OTSUKI S, NINOMIYA K, YAMAMOTO M, NAKASIFIMA Y, SHUTARA M, URAKAMl S and ITAMI 
Z : (Effect! of cytidine monophosphate on the organic syndrome in the brain. )Brain Nerve 
(Tokycj 18:7-45-9, 1%6. A 763 

PAPAVASILIOU P S, COTZIAS G C, DUCY S E, STECK A J’, F EH El NG C and BELL M A : 

Levodopa in parkinsonism: Potentiation of central effects with a peripheral 1 inhibitor. 

N Engl J Med 285: 8-14, 1972. A 761 

PAULET G and CHEYRIERRrDe Faction du cobalt sur la detoxication oxycarbon£c. (On the ac¬ 
tion of cobalt on ca rbon monoxide detoxication)! C R Soc Biol Paris 163: 1199-202, 1969. A 765 

PECORA L : La terapia ferrosa nell'ossicarbomsmo acuto. (Iron therapy in acute carbon mo¬ 
noxide poisoning). Russ Med Industr 33: 352-3, 1964; A 766 

PLACE M : For each bis own: the self-rescuer apparatus against GO. Occup Health London 

.22: 107-11,1970. A 767 

PUKHOV V A : (Pathogenesis and complex treatment of CO poisoning); Biul Eksp Biol Med 

60: 39-42, 1965* A 768 

RADU5HVICH V P : (Auxiliary extracorporeal circulation for resuscitation). Khirurgija Mosk ¬ 
va 44: 3-8, 1968. A 769 

RAPOPORT K M : (On the feasibility of using methylene blue in carbon monoxide poisoning). 

Vocn Zh 12: 34-5, 1967. * A 770 

REJSEK K : (News in the therapy of poisoning by industrial agents). Cas Lek Cesk 110: 

133-4, 1971. A 771 

R1ZZI R : La rianimazione nell'avvelenamento da CO. (Resuscitation in CO poisoning); 

Minerva Ancst 34: 1454-6, 1968. A 772 

SALNIS A N and HACHATUROV G S : (Resuscitation measures in the treatment of acute carbon 

monoxide poisoning). Voen Med Zh 11: 32-4, 1970, A 773 

SNASHALL P D : Treatment of carbon monoxide poisoning. Lancet 1: 357-8, 1970. A 774 






- - *>~* *-• ■ ' 

vv' v f■■ 

-r 


TATEGAMl T : Treatment of acute carbon monoxide poisoning from the point of view of patho¬ 
physiology. J Kumamoto Med Soc 42: 318-38; 1968. 

THURSTON J : Treatment of carbon monoxide poisoning. Lancet 1: 468-9, 1970. 

TORELL1 G : Mcccanismo dell'azionc tossica da CO o principi fterapoutlci conseguenti. (Me¬ 
chanism of the tbxic action of CO and! consequent therapeutic principles). Rass Med 
Industr 33:458-64, 1964. 

TOWNSEND G L and!STETSON J B : Treatment of carbon monoxide poisoning by mechanical 
ventilation: Case report. Canad Anacsth Soc J 15: 18*1-96, 1968. 




-Mm 

- w 


WAGNER K D and RICHTER D : Exogcne Ursachen, Bchandltmg und klinischc Spatbcfunde be* 
Vergiftungcniini Kindesalter. (Exogenous causes, treatment and late clinical findings in> 
poisoning during childhood). Z Aorztl Forthild (Joia )i 62; 492-7. 1968* 

WATABE Y : (Emergency treatment in repiratbry management) Sanfuji nka Jissai 18:496* 
506, 1969. 


. r- ■t - A* -rf"- - ’ - 





M v< 




"^^^^^^^^^^^documenls.ucsf .e^u/docs/^fmkoioo^ 







V. CIRCULATORY SYSTEM • . ... : :,: r y.^ 

The investigation of circulatory effects of carbon monoxide has been 

more extensive than that of its effects on the respiratory system discussed ~ . 

. * . • ... . . 

in the preceding section. There has been increasing concern that chronic ,.:i; 
exposure to carbon monoxide present in cigarette smoke would lead to diseases 
of the heart and blood vessels and abnormalities in the composition of the blood. 
However, the problem has not been solved by direct experimentation relating to ! - 

t i • 

the carbon monoxide in cigarette smoke. There arc numerous observations ’pv«.'£*•;' 
regarding' the effects of sublethal concentrations of carbon monoxide in man 
and animals. These are reviewed in the following paragraphs, although they ' ,. 
are only remotely related to the small amount of carbon monoxide contained in ' 
cigarette smoke. 

V A. Heart Rate 


The acceleration of heart rate known to occur during inhalation of 
cigarette smoke is explained by the nicotine content. The amount of carbon 
monoxide in the smoke docs not influence heart rate, since experiments 
consisting of administering carbon monoxide alone in amounts even 
exceeding that pioduced by cigarettes failed to alter the electrocardiogram'. • ' ^ 

The electrocardiograms of patients suffering from acute carbon monoxide . V 
poisoning or chronic exposure to carbon monoxide show the following alterations: 
depression of S-T segment (Steinmann, 1937; Stormer, 1938; Wendt, 1941; 

Graybiel, 1942; Breu, 1943; Patz, 1949; Saracoglu, 1951); sinus arrhythmia ’ • 

■ ■■ ■ : . '‘i& *vV'' 

(Breu, 1942); premature systole (Parade and Franlcc, 1939); atrial flutter J? 
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CAROFF, DEHOUVE and DEROBERT 1970' 
(279) 59, 57 

CARUSO and BARNABA 1968 (A 738) 225 
CASARETT 197H (2) 9 

CASCINI and GAZZERRO 1966 (A 693) 222 

CASTELLINO 1955 (69) 22, 20 
CASULA, NISSARDR SANNA-RANDACCIO 
and FRAU 1969 (373) 200 
CASULA, NISSARDI; SANNA-RA NDACCIO 
and FRAU 1969 (A 374) 200 
QAUGHEY 1970 (A 78)' 18H 
CAUGHEY, ALBEN, McCOY, BOYER, 

CHAR A CHE and HATHAWAY 1969 
(A 77) 181 

CELL GIN, HANSSON and SUNDSTROM 
1971 (A 324) 197 

CENTI and ZAFFIRl 1971 (A 73( 225 
CHANCE, ERECINSKA and WAGNER 1970 
(A 550) 211 

CHEAH 1970 (A 79) 181 
C! I EH K A VS KIR 1970 (A 657) 218 
CHEVALIER, KRUMHOLZ and! ROSS 1963 
(260) 59, 56 
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CHEVALIER, KRUMIIOLZ and ROSS 1963 
(2S0) 59. 56 

CHEVALIER, KRUMIIOLZ and ROSS 1966 
(191) 4*1, 43 

CHEW, HANSON and SLACK 1969 (KOI) 229 
CHI CHET -COSSET, CIIASSON, OIIRESSER, 
ARNAUD and DUBOULOZ 1967 {A 802) 

229 

CHI Cl 11KALDO, BENEVELSKY a ndi MINSKY 
_ 1966 (A 283) 19*1 

CHINET, MICHELI and HAAB 1971 A 375) 201 
CHIOJD1; DILL, CONSOLAZIO and HORVATH 
1941 (195) 44, 42 

CHOSY, GEE and RANKIN 1963 (196) 44, 43 
CHOVIN 3967 (173) 40, 38* 39 
CHRISTIANSEN and!MAGID 1970 (A SO). 181 
CHUDZIKIEWIGZ 1957 (335) 67, 66 
CHUK1IUIENKO and LULKO 1968 A 740) 225 
CINKOTAIi and THOMSON 1966 (A 376) 201 
ClOCATTO and PATTONO 1964 (A 741) 225 



CIO CAT TO, PATTONO, QUERCI and 
ZAFFIRI 1966 (A 803): 229 
CIS and PERANI 1964 (458) 86, 85 
CIUHANDU; DIACONOVIGI; KISS and RUSU 
1964 (325) 197 

CIUHANDU, •DIACONOVICI, KISS and RUSU 
1968 (377) 201 

CIUHANDU and RUSU 1968 (A 326) 197 
CIUHANDU, RUSU; DIACONOVICI and 
KISS 1966 (A 11) 176 

CLARK and BUCKINGHAM 1971 (A 327) 197 
CLAUZEL, TRINQUET, CARRE and MEYER 
1966 (197) 44, 4 3 
CLAYTON 1969 (A 247) 192 
COBURN 1967 (A 2.06) 190 
COBURN, 1970 (3) 9, 7= (A 154) 186 
COBURN 1970 (A 208) 190 
COBURN 1970 (A 209) 190 
COBURN, FORSTERand KANE 1965 (A 152) 
186 

COBURN and MAYERS 1971 (617) 112 
COBURN, SWERELOW, LUGMANMAKI, 


COLTMAN, DUDLEY and LEVERETT 
I960 (211) 190 

COMM INS and LAV/THER 1965 (A 13) 

176 

COMSTOCK, SHAH, MAYER and ABBEY 1971 
(571) 105, 102 

CONKLE, MABSON, ADAMS, ZEFT and 
WELCH 1967, (A 167) 187 
CONNEY, LEVIN, IKEDA and KUNTZMAN 
1968 (A 551) 21) 

CONROY 1969 (656) 115, 155 
COOPER 1966 (4) 9* 8 
COOPER, SCHLEYER and ROSENTHAL 
1970 (A 552) 211 

CORET and HUGHES 1964 (336) 67, 66 
COSBY and BERGERON 1963 (234) 53, 52 

COSCIA, PERRELLI, GAIDO and 
- CAPELLARO 196 4 (402) 76, 74 
COSIC, ARSENIJEVIC, KANDIC and 
GRBESA 1964 (A 694) 

COTES, DABBS, EVANS and HOLLAND' 

1972 (A 37 8) 201 
CRAMOND 1968 (A 475) 206 
CROSETTI, PETTINATI and RUBINO 1965 
(A 658) 218 

CROSETTI, RUBINO and PETTINATI 
1966 (71) 22, 20; (A 81) 181 
CUCHE and BERNARD 1969 (A 659) 218 
CULVERWELL 1915 (114) 30, 27 
CURPHEY, HOOD and PERKINS 1965 
(42) 17, 13, 15; (147) 34, 33 
CURPHEY 1968 (657) 115* 156 
DAHMSTKOM,: NORDSTROM-OHRBERG 
and ROTHSCHILD 1958 (4 3) 17, 14; 

(148) 34,33 

DA LG A A RD 1965 (A 660) 218 
DALHAMN, EDFORD and RYLANDER 1968 
(lit) 30, 28 

DALLE, TOURNAIRE. RRUDIEUX and 
DELOST 1971 (A 381) 201 
DALY 1969 (A 380) 201 
DALY and WALDIIAUSEN 1967 (A 379) 



c 


FORSTER and POWELL 1968 (A 153) 186 

COBURN, ; WALLACE and ABBOUD 1971 
( 210 ) 190 

COBURN, WILL LAMS and KAHN 1966 
(A 205) 190 

COBURN, WILLI AMS* WHITE and KAHN 
1967 (A 207) 190 

COHEN, DEANE and GOLDSMITH 1969 
(317) 64, 61 

COHEN, DOR ION, GOLDSMITH and 
PEEMUTT 1971 (174). 40, 3S, 39 

COHEN; PERKINS* UR Y and GOLDSMITH 
1971 (70) 22, 19 

COLE, HAWKINS and ROBERTS 1972 
(570) 105, 104 

COLLINS and GOULDING 1971 (A 742) 

225 

COLLISON, RODKEY and O'NEAL 1968 
(A 12) 176 

COLTMAN and DUDLEY 1969 (A 212) 190 


SIBILLA and DAMIA 1965 (A 74 3) 


1964 


201 

DAMIA 
225 

D'AMORE, GIORDANO and PENATI 
1968 (A 476): 206 
DANTO 1964 (618) 112, 111 
D'ARCA, GUALDI and ARCIERI 
(202) 46, 4 5 

DATSENKO 1964 (A 588) 214 
-DATSENKO 1965 (A 14) 176 
DATSENKO 1965 (A 695) 222 
DATSENKO 1966 (235) 53, 52 
DATSENKO, DOTSENKO; MART YN1UK and 
PALCHEVSKY 1965 (A 553) 211 
DATSENKO; DOTSENKO 1967 (A 554) 211 
DAVID 1971 (624) 216 

DAVIES, JONES and WARNER 1965 (A 328) 

197 

DEANE, GOLDSMITH and TUMA 1965 (A 696) 
222 
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DcDlAS, IVIRKIIEAD, RANERJEK, KAZAL, 

# HOLIHJEN; GREEN Ej: HARPER, ROSEN FELD 
MENDUKE, WILLIAMS and FRIEDMAN 
1972 (316) 64, 62 
DcDRUIN 1967 U75) 40, 38 
Dc BRUIN and IIAER1NGEN 1965 (176) 

40* 38, 39 

DeBRUIN, VROEGE and VAN HAERINGEN 
1965 (177) 40, 38 
DEEN 1969 (804) 230 

De GRAFF, TAYLOR, ORD, CHUANG and 
JOHNSON 1965 (A 382) 201 
D E LI VO RIA - PA PAD 01 ’ O U LOS and COBURN 
1972 (572) 105, 102 

DELWICHE 1970 (A 183) 189 • ' 

DEMANGE and AUZAS 1969 (482) 91* 90 
DESBAUMES 1968 (A 698) 222 
DESOILLE 1967 (178) 40, 38 

DESOILLE, CASTILLON; da PERRON, CREMER 
- and LEBBE 1963 (A 213) 190 
DESOILLE, CREMER and GIRARD 1965 
(A 214); 190' 

DETTORI and SCANSETTI 1965 (A 699)i 222 
DcVALOlS and'SCHADE 1967 (529) 97, 96 
DEVIATKA 1956 (337); 67, 66 


DIAMANT-BERGER, GAJDOS, RAPIN and 
GOULON 1970 (281) 5 9, 56 


DILLE and MOHLER 1969 (A 168} 187 


DLMIZIG, F ELI Gland BIETTI 1969 (A 477) 206; 
• (A 661) 218 
DINMAN 1968 (5) 9, 7 
D1NMAN 1969 (319) 64, 61 

O DINMAN 1970: (658) 115, 160 

DINMAN, EATON and BREWER 1970 (A 82) 

181 

DIXON 1927a (116): 30, 27 
DIXON 1927b (117) 30, 27 
* DODOSZ and LUCZYWEK 1971 (A 478) 206 

DOMINGUEZ, HALSTEAD and DOMANSKI 
1964 (A 15) 176 

DONATELLI 1940 (236) 53, 52 
DONTENW1LL 1967 (210) 4 9, 48 
DONTENV/ILL 1970' (211) 49, 48 
DON TE MW ILL, RECKZEH and STADLER 
1966 (72) 22, 20;, (209) 49, 48 
‘ DONTENWILL, RECKZEH and STADLER 1967 


( 73 ) 22 , 20 

DORSCII and KOSTER 1965 (a 16) 176 
DOUGLAS 1967 (A 189) 189' 

DOUMER andiMERLEN 1916 (237) 53, 52 
DOUZE 1971 (A 662)1 218 

DOUZE, HEYST, KREUCNIET, LEEUW and 
HAMELINK 1967 (A 663) 219 
DOYLE 1969 (659) 115,. 162 
DRABKIN 1970 (A 215) 190 


DRISCOLL, DEUBER, BAETTIG and 


C 


GRANDJEAN 1972 (74)i 22, 20 
DROGIClllNA and RYZIIKOVA 1967, (A 479) 
207, 

DUBLIN 1972 (94) 26, 25 

DuBOIS 1970 (6) 9, 7 

DUBOIS and MONKMAN 1972 (A 330) 197 


DUBOIS, ZDROJEV/.SKI and MONKMAN^ 

* 1966 (A 329) 197 

DuCAILAR. LEFEBVRE. ROQUEFEUIL, MALZAC 
and PROST 1970 (A 805) 230 
DUGROS 1968 (A 331) 197 
DUGNAT 1965 (503) 94, 93 
DUKE, GREEN and NEIL 1952 (212) 49; 47 
DUKE and KILLICK 1952 (213) 49, 47 
DUNLAP 1961 (A 281) 194 

DUPLAY, ZIEGLER, GARDO and PINTO 1967 
(403) 76, 74 

DVORAK, PROKSAN and ZITKA 1951 (238) 53, 52 
EBERSOLD 1958 (A 169) 187 
ECKARDT, MacFARLAND, ALARIE and 
BUSEY 1972 (214) 49, 48 
EFFENBERGER 1967 (A 17) 176 
EHRICII, BELLET and LEWEY 1944(239) 

53, 52 

EHRISMANN and ABEL 1934 (113) 30, 29 
E1SEN and HAMMOND 1956 (404) 76. 75 
EISENBUD and EHRLICH 1972 (A 248) 192 
EL-ATTAR 196SA (405) 76. 74 
EL-ATTAR 1968B (406) 76, 74 
EL-EBRASHY, EL-AS11MAWY and ALY 
1967, (407) 76* 74 

ELFIMOVA and; KHUCIIATURYAN 1968 
(A 249) 192 

ELIOT and BRA TT 1969 (408) 77, 75 
ELLIS and SEATONBERRY 1966 (A 170) 187 
ENGEL, RODKEY, O’NEAL and COLLISON 

1969 (A 83) 181 

ENGEL, RODKEY and KRILL 1971 (A 18) 

177 

ENVIRONMENTAL HEALTH SERVICE 1970 
(7) 9, 7 

ENVIRONMENTAL PROTECTION AGENCY 
1971 (A 250) 192 
EPSTEIN 1969 (A 251) 192 
EREEN 1967 (A 19) 177 

ESTABROOK, FRANKLIN and HILDEBRANDT 

1970 (A 555) 211 
ESTLER 1965 (A 744) 226 

ESTLER, AMMON and HEIM 1971A (605) 

94, 93 

ESTLER, AMMON and ZIMMERMANN 
1969 (504) 94, 93 

ESTLER, HEIM, AMMON and ZIMMERMANN . 

. 1971B (506). 94, 93 
FABRE, TRUHAUT and BERROD 1951 
(75) 22, 21 

FAIVRE, DUREAX, VINCENT and MULLER 
. 1954 (240)i 53, 52 

FAIVRE, G1LGENKRANTZ and HUEBER 1959 
(241) 53, 52 

FALCONER and MOLLER 1971' (A 20) 177 • 
FALLSTROM 1968 (A 218) 190 
FALLSTROM 1963 (A 219) 190 
FALLSTROM 1969 (A 220). 190; 

FALLSTROM and BJURE 1967 (A 216) 190 
FALLSTROM and BJURE 1963 (A 217) 190' 
FARBEROW and SIMON 1969 (A 625) 216 
FATINI and GALLENGA 1968 (A 626)i 216 
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FA IRE, VINCENT, ESCHAPASSE, CASTAING, 
LOISEAU and CHEVAIS 1965 (530) 97, '96 
FAURE, VINCENT, ESCHAPASSE, LOISEAU 
and CASTAING 1965 (A 480) 207 
FAZEKAS 1967 (507) 9-1 
FELDMAN and LAW PERT 1968 (A 664) 219 
FELDSTEIN 1965 (A 21) 177 
FELDSTEIN 1965 (A 332) 197 
FELDSTEIN 1967 (A333) 193 
FELDSTEIN 1969 (A 252)i 192 
FENN1970 (A 155) 186 
FENN 1971 (A22) 177 

FIANDACA and VERCELLOTTI 1964 (179) 

40, 37 

FINCK 1966 (8) 9, 6 
FIRST and MURPHY 1970 (A 700) 222 
FISHER, HYDE; BAUE, KEIF and KELLY 1969 
(193) 44; 42; (215) 4 9. 4 8 
FISHER 1968 (A 665) 219 
FLAXMAN. 1939 (282) 59, 56 
FLE1G 1903 (A 589) 214 

FLETCHER 1972 (A 383) 201 . 

FODOR 1969 (4 31) 80, 79 
FODOR, MALORNY and COLMANT 1964 
(531) 97. 96 

FORBES 1970' (A 385) 201 
FORBES, SARGENT and ROUGHTON 1945 
(A 384) 2011 

. FORMAN and FEIGELSON 1971 (A 84) 181 
FORSTER 1970 (A 156) 186 
.FORSTER, ROUGHTON, CANDER, BRISCOE 
and KREUZER 1957 (A 386) 201 
FORTUNATO and CATALANO 1970 (459)' 86* 85 
FOURNIER 1967 (A 745) 226 
FRANCHINI, CANALE and CELESTRI 
1967 (A 23) 177 

FRANCISCO and SILVEY 1971 (A 5 90)214 __ 

FRANCOIS and BERTIN 1964 (A 627) 216 
FR El GANG, SEIDEL and FLACH 1968 (460) 

86, 85 

FREIREICH and LANDAU 1971 (A 24) 177 
FREYSCHUSS and HOLMGREN 1965 (A 387) 

201 

FIU'BERG, NYSTROM and SWAN BERG 1959 
(573) 105*. 102 

FRITSCHE 1969 (461) 86* 85 
FRONING, MATIIER, DADD A RIO and 
HART UNO 1969 (A 592) 214: 

FRYZE, GRUSZKA and ZAWADZKI 1970 A 666) 
219 

FUKUI and KAK1UCHI 1970 (A 85} 181 
GABRIEL 1969 (A 388): 201 

GAENSLER, CADIGAN, ELLICOTT, JONES 
and MARKS 1957 (44) 17, 14; (149) 34, 33 
GARLAND and PEARCE 1967 (A 481) 207 
CARREL, PERRET, PELLAT and ARNOULD 
1970 (A 463), 207 

CARREL, FERRET, PELLAT and ARNOULD 
1970 (A 482) 20? 

GASSMAN and WRANNE 1967 (A 25) 177 
CAT TO, CANKPA, C A VA L LO 1 and i MASS IM ILIA 
1967 (A 3S9) 201 
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GAULTIER, FOURNIER, GER VAIS and 
BODIN 1964 (A 484) 207 
GAULTIER, FOURNIER,, GER VAIS, 
EFTHYMIOU; SRAER, BISMUTH, 

. BODIN, CHRISTOFOROV, SICOT and 
FREJAVILLE 1968; (A 746) 226 
GAULTIER, FREJAVILLE, BISMUTH and 
PEBAY-PEYROULA 1970 (A 628) 216 
CAUME, BARTER and ROSTAMI 1971 (SOS) 

94, 93 

GEDDES and STEINHARDT 1968 (A 86) 

181 

GEIER,. TUTTIN, PASQUI'ER, NAJsMAN 
and BOUR 1966 (532) 97, 96 . 

GEM ZELL, ROBBE and STROM 1958 
(574) 105, 102 

GEORGE and SCHEJTER 1964 (A 87) 181 
GERBER and SEEWALD 1966 (A 747)' 226 
GERHARDT, GOTHERT, MALORNY and ! 

WILKE 1970 (A 390) 201 
GERHARDT, GOTHERT, MALORNY and 
WILKE 1971 (A 806) 230 
GERITSENi 1964 (A 701) 222 
GETTLER and MATTICE 1933 (45) 17 
11, 14 

GIBBONS and MITROPOULOS 1972 (372) 

72, 70 

GIBSON, HELLER and'YAKULIS 1966 
(A 89) 181 

GIBSON and KAMEN 1966 (A 90) 181 
GIBSON, PALMER and WHARTON 1965 
(A 88) 181 

GIBSON and PARKHURST 1968 (A 91) 182 

GIEL 1965 (660) 115, 163 

GIEVER 1967 (9) 9, 6 

GIEVER and RUCH 1971 <A2 53} 192 

GILL 1971 (A 667) 219 

GIRARDI, CIS and PLATTI 1967 (A 485) 207 
GIRQND 1 967 (575) 105, 102 
GLADYSHEVSKAIA , DOLOSHITSKY and 
SOBCHUK 1966 (619) 112, 111 
GLASEL 1970 (A 748)' 226 
GLASS, MALLACH and WOJAHN 1966 
(A66S) 219 

GLASS, EDWARDS, DcGARRETA and 
CLARK 1969 (A 92) 182 
GLASS, GAKRETA. LEWIS, GRAMMAT1 COS 
and SZUR 1968 (409) 77, 74 
GLASS, JACOBY, WES TERM AN, CLARK, 
ARNOT and DIXON 1968 (576) 105,, 102 
GLOWACKI, GRUBZINSKA and WACLAWIK 1958 
- ( 432 ) 80 , 79 
GOK1N 1971 (2S3) 59* 57 
COLACKA, JANIK~KURYLCIO and 
ROZEK 1969 (A 669) 219 
GOLDBERG and CHAPPELL 1967 (509) 94, 93 
GOLDSMITH 1964 (10) 9, 6 
GOLDSMITH 1967 (A 254) 192 
GOLDSMITH 1967 (A 670) 219 
GOLDSMITH 1969 (661) 1 15, 164 
GOLDSMITH! 1970 (320) 64, 61 
GOLDSMITH 1972 (662) 115, 165 
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GOLDSMITH and COHEN 1969 (11) 9. 7 
GOLDSMITH land DEANE 1965 (A 286) 194 
GOLDSMITH and 1 ANDAW 1'9.6K : (12) 9, 6 
GOLDSMITH and ROGERS 1959 (285) 194 
GOLDSMITH.; SCHUETTE and NO VICK 1963 
(46) 17, 13* 14; (150) 31, 33 
GOLDSMITH and TERZAGHI 1963 (76) 22 . 21 ; 

• (151) 34. 33 

GOLDSMITH, TERZAGHI and HACKNEY 1963 

(180) 40, 38 

GOLDSTEIN 1965 (577) 105, 102 
GOLDSTEIN and EPSTEIN 1972 (663): 115, 166 
GORALSKI'and JANUSZKO 1968 (A 4S6) 207 
GORDON 1965 (A 487) 207 
GORODINSKY, LEVINSKY and SCHERBAKOV 

1967 (A 334) 198 
GORSKI 1962 (2S4) 57, 59 

GOTHE, FRISTEDT, SUNDELL, ; KOLMODIN 
Eli R NEU - SAM U EL and GOTHE 1969 

(181) 40, 38* 39 

GOTHERT, LUTZ and MALORNY 1970 (338) 

67. 66 

GOTO' 1968 (A 749)i 226 
GOULD1NG 1965 (A 629) 216 
GOULDING 1967 (A 750) 226 
GOULON, BAROIS, RAFIN, NOUAILHAT, 
AUGUSTIN; HENNETIER, BAGUET, 
KUNTZIGER and BRETEAU 1965 (A 751) 226 
GOULON, BAROIS, RAPIN',. NOUAILHAT, 

GROSBU1S and LARROUSSE 1969 (A 809)1230 
GOULON, BAROIS, GAJDOS, LAEROUSSE, 
SCHORTGEN, AMERONGEN and ROBERT 
1970 (A 752) 226 

GOULON and HENNETIER 1966 AA 807) 230 
GOULON, LEVY-ALCOVER, NOUAILHAT 
and DORDAIN 1967 (A 808) 230 
GOULON, LEVY-ALCOVER, NOUAILHAT and 
DORDAIN 1968 (A 810) 230 
GRAHAM.and HITCHENS 1968 (A 630) 216 
GRAMER and BECKENKAMPH 1966 (A 811) 230 
GRAMER and ROUF 1968 (410) 77, 74 
GRAZIANI and PAGGI 1965. (A 812) 230 
GRAZIANI, ROSSr. CASTELLINO and 
SILVERSTRONIi 1957 (243) 53, 52 
GRAY and GIBSON 1970 (A 93) 182 
GRAY and GIBSON! 1971 (A 94) 182 
GRAY and GIBSON: 1971 (A 95) 182 
GRAYBIEL 19-12 ( 242 ) 53 , 51 
GREGORY, MALINOSKI and SHARP 1969 
(A 631)i 216 

GREMY, SALMON, FRANCOIS and BERTIN 

1968 (A 671) 219 

GRIFFIN and HOLLOCHER 1967 (A 96) 182 
GRIFFITHS 1970 (A 672) 219 
GROB 1963: (119) 30, 29 

GROM ME, SCHNEIDER and MASSHOFF 1969 
(533) 97, 96; (A 488). 207 
GROSSE and NEUHAUS 1970 (552) 101, 99 
GRUNDY 1969 (A 255) 192 

GRUT, ASTRUP, Cl [ALLEN and GERHARDSSON: 

1970 (13) 9. 7 
GULTUN 1969 (A 702) 223 


GUEST, DUNCAN and LAWTIIER 1970 
(462) 86 , 85 

GUEYE, BA and DIOP 1965 (A 673) 

219 

GUIDOTTI and KONJGSBERG 1964 (A 97) 182 
GUILLERM, BADRE and GAUTIER 1967 
(285) 59. 56 

GULERIA, PANDE, SEITHI and ROY 1971 
(A 391) 201 

GULZOW. 1957 (A 392) 201 
GUNTHER 1971 (A 489) 207 
GUTENKAUF, BRATT and ELIOT 1967 
77. 75 

GUY, SALHANY and ELIOT 1971 (412): 

77, 75 

. GUYATT, NEWMAN, CINKOTAL, PALMER 
and THOMSON 1965 (A 393) 202 
G YD ELL 1966 (A 261 177 
HAAB and PIPER 1968 (A 394) 202 
HAAGEN-SMIT 1966 (A 287) 194 
HADDON, NESBITT and GARCIA 1961 
(57 8 > = 105, 104 

. HAEBISCH 1970 (120) 30, 28 
HAGGARD and GREENBERG 1934 (601) 110, 
109 

HAHN and COPELAND 1966 (A 593) 214 
HAKIM 1970 (580) 106. 1 02 
HALL 1970 (463) 86 , 85 
HALL 1972 (433) 80, 79 
HALPERIN, McFARLAND, NIVEN and 
ROUGIITON 195 9 (440) 83, 81 
HAMEL-PUSKARIC, BERITIC, JUSIC and 
' FRANJIC 1970 (A 490) 207 
HAMILL and O'NEILL 1969 (77) 22, 21 
HAMILTON and KERSTING 1970 (A 395) 

202 

HAMM 1966 (A 396) 202 
HANISCH 1969 (A 98) 182 
HANKE and KIERES 1967 (602) 110, 108 
HANKS 1970 (483) 91, 89 
BANQUET and LAMY 1971 (A 813) 230 
HANSEN 1970 (A 491) 207 
HANSEN,: WILKE, MALORNY and GOTHERT 
1972 (47) 17, 15; (153) 34 
HANSON and HASTINGS 1933 (78) 22 ; 

34, 33 

HANSSON and SUNDSTROM 1969 (A 27) 

177 

HANSZ and STYPEREK 1968 (464): 86, 85 
HA RADA and KOZUMA 1968 (534) 97, 96c 
- (A 492) 207 

HARADA, TSUKAYAMA, MIMURA, MINAMI 
and TATETSU' 1971 (535) 97, 96 
HARDING, WONG and NELSON 1964 
(603) 110. 108 

HARIvE 1970 (95) 26, 24, 25 
HARKE 1971 (100) 26, 25 
HARKEand DREWS 1968 (121) 30* 29 
HART RIDGE 1 920 (48) 17., 11, 14 
HATZFELD, WIENER and BRISCOE 1967 
(A 397) 202 

HAYASHNI, MOTOKAWA and KIKUCIII 
1966 (A 99) 182 
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HAYES and HALL 196-1 (244) 54, 52 

n ay wood; WALnr:nc i: kerr, moiisenin 

and MOIILK-R 1972 (321) 64, 61 
HEGGLIN 19-14 (245) 54, 52 
HEIDRICH, BARCKOW and FRISIUS 1970 (339) 

67. 66 

HEIDRICH and KLEMS 1969 (373) 72 (1 69 
HEISTAD and: WHEELER 1972 (340) 67, 66 
IIELLUNG-LARSEN, KJELUSEN, MELLEMCAARD 
AND AST UUP 1966 (A 26) 177 
HELLUNG- LARSEN; LAUR5EN, KJELDSEN and 
ASTRUP 1968 (374) 72, 70 
ilELMCHEN and KUNKEL 1 964 (441) 83, SI 
HERNANDEZ, MAZEL and GILLETTE 1967 
(A 556) 211 

HERON 1962 (581); 106* 102, 104 
HESS 1971 (101)1 26, 25 

HEXTER andiGOLDSMITH 1971 (A 256)! 192 
HEYDENREICM 1970 (442) 83, 81 
HEYNDRICKX, SCHEIR1S, VERCRUYSSE and 
- OKKERSE 1970 (A 753) 226 
HILDEBRANDT, FRANKLIN, ROOTS and 
ES TAB ROOK 1971 (A 100) 182 
HILPERT 1971 (A 398) 202 
HIRANO, INDUE and TANAMU 1967 (604) 

110, 109 

HIRANO, INOUE and TANAMI 1968 (605) 

110, 108 

HIRANO, INOUE and TANAMI 1971 (A 814) 

• 230 

HIRATA, HIOKI and HASHIMOTO 1969 (510) 

94. 93 

HIRSCH 1968 (A 594) 214 
KLAVIGA, KIESE, LANGE and MOR 1969 
(A 557} 211 

.HOCHSTRATE and OBERDISSE 1970 (A 558) 

211 

HODY and BAILEY 1968 (A 171) 187 
HOFREUTER, CATCOTT and XINTARAS 
;■ 1962 (49) 17, 15; (154) 34* 33 

HOLCZABEK 1971 (2S6) 59, 58 
HOLETON 1971 (A 595) 214 
HOLETON: 1971 (A 596) 214 
HOLLAND 1965 (A 101) 1S2 
HOLLAND 1967 (A 102) )S2 
HOLLAND 1969 (A 104) 1S2 
HOLLAND 1969 (A 103) 1S2 
HOLLAND 1970 (A 105) 132 
HOLM 1950 (287) 59, 57 
HOLMGREN 1965 (A 402): 202 
HOLMGREN 1965 (A 399) 202 
HOLMGREN 1965 (A 4 00) 202 
HOLMGREN 1965 (A 401) 202 
HORIE 1964: (A 106) 182 
HORJE 1965 (A 107) 182 
HORVATH, DAILMS and O'lIANLON 1971 
(484) 91, 89 1 

HOSKO 1970 (443) 83, 81 
IIOV/SE and SEDDON 1966 (620) 112,, 111 
HSIEH, ROSS, SMALL and THOMPSON 1968 
(A 403) 202 

HSI-PU a»d!Li-MiNG 1910 (79) 22. 21 
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■HUBER, EPP and FORMA-NEK 1970 
(A 10S) 182 

HUBERT 1943 (322) 64, 63 
HUEPER 194 4 (37 5 ) 72, 70 
HUGHES and FISHER 1965 (A 674) 219 
HUNDT and GRUNBERG I960 (246) 

54, 52 

HYDE, MARIN, RY'NES, KARREMAN 
1971 (A 404) 202 
XA BLOCH KIN 1966 (A 335) 198 
ICHIKAWA, HAGIHARA and YAMANO 

1967 (A 559) 211' 

IKEDA. 1969 (444) 83, 81 
IKUTA 1969 (A 494) 207 
INANAGA 1966 (A 497) 208 
INANAGA 1968 (A 493) 208 
INANAGA, KUI4ARA, KUWAHARA, 

TOIilSU and SUZUKI 1966A (536) 

97, 96 

INANAGA, KUHARA, KUWAHARA and 
OGATA 1966B (537) 97, 96 
INGIULLA, GRASSO and MARIOTTINI 

1968 (A 288)i 194 

' IPPEN and GOERZ 1969 (621) 112, Ill 
ISH1KAWA 1969 (A 499) 208 
XWANQVT5KA 1967 (A 815) 230' 

JACOBSEN 1971 (A 816) 230 
JAFFE 1968 (A 190) 189 
JAFFE 1970 (A 191) 189 
JAFFE 1965 (288) 59. 57 
JAFFE 1968 (323) 64, 61 
JAGI and ZI MM ERMA NN 1934 (289) 

59* 56 

JAMES and RUMBLE 1967 (A 405) 202 
JARRELL 1965 (122) 30, 28 
JAVANOVIC and POLOVINA 1964 (A 29) 

177 

JECH 1972 (14) 9, 6 
JEDRYCIIOWSKI, KUS, PIOTROWSKX 1 
and SAWICKI 1965 (A 560) 212 
JEDRYCHOWSKI, KUS, PIOTROWSKI and 
SAWICKI 1965 (A 561) 212 
- JEFCOATE and GAYLOR 1969 (A 109) 182 
JENEY and MEDVE 1967 (A 597) 214 
JESCHECK 1967 (A 500) 208 
JOELS and NEIL 1962 (216) 49, 47 
JOHNSON, DWORET2KY and HELLER 1968: 

(A 289) 195 

JOHNSON and MILLER 1968 (A 408) 202 
JOHNSON, TAYLOR and De GRAFF 1965 
(A 407) 202 

"‘JOHNSON, TAYLOR and LAWSON; 1965 
(A 4 06) 202 • 

JOHNSTON and BURGER 1971 (A 172) 187 
JONES, YANT and BERGER 1923 (102) 26, 24 
JONES* STRICKLAND, STUNKARB and 
SIEGEL 1971 (413) 77, 75 
JONCBLOED 193 9 (80) 22, 19 
JOPKIEWICZ, KONECK1 and WENTKOWSKI 
1965 (622) 112, 111 
JORDI 1967- (A 501) 208 
JORDI 1968 (A 703) 223 
JUDD 1971 (A 173) 187 
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JUNGE, SEILER, BROCK, GREESE and 
RADLEU 1971 (a 192) 169 
KALI A EVA 1951 (2901 60, 56 
KAMATAKI'and KITAGAWA 1971 (A 562) 212 
KAWPFFMEYKR and KIKSE 1965 (A 563) 212 
K A M R A J - M A Zu R K IE WIC Z 1967 {581} 106, 102 
KANAZIUSKY 1965 (A-109)' 202 
KARACAN, BARNARD and WILLIAMS 1971 
' (538) 97, 96 

KASHIMA, FUKUI, MASUDA, WAKASUCI and 
HAYAMA 1969 (675) 219 
KATSUKI 1965 (A 502) 208 
■ KATSUKI 1966 (606) 110, 108 
KATSURA 1971 (445) S3, 82 
KATZSCHMANN 1970 (291) 60,56 
‘KAWAMOTO 1966 (A 410) 202 ' 

KAWAMURA 1971 (465) 86, 85 
KAYES 1965 (14a) 8, 6 
KAYES 1970 (A 632) 216 
KAYSER 1939 (341) 67, 66 
KEHL and KEHL-1967 (A 503) 208 - 
KEITH and TESM 1965 (123) 30, 29 
KELLS 1968 (582) 106, 102 
KEMKES 1941 (A 704) 223 
KENT 1970 (A 174) 187, 

KERTESZ, A NT ON INI, BRUNORI, WYMAN and 
ZITO 1965 (A 175) 187 

KEYES. MIZUKAMI and LUMRY 1967 (A 110) 

83 

KHACHATURYANi MITAREVSKAYA and 
EGORENKOVA 1969 (511) 94, 93 
KHROLENKO 1969 (A 504} 208 
KILLICK 1940 (15) 9, 6 

KILLICK and MARCHANT 1965 (A 754) 226 
KIM and PARK 1968 (A 633) 216 
KIM and RYO 1966 (A 336) 198 
KIRIACHKO 1966 (217)' 49, 48 
K1TTEL and TilEISSING-ERLANGEN 1968 
(466) 86, 85 

KITTRKDGE 1971 (A 676) 219 
KJELDSEN 1969 (376) 73, 69 
KJELDSEN 1970a (377) 7 3, 7 0 
" KJELDSEN 1970b (378) 73, 70 
KJELDSEN. ASTRUP and' WANSTRUP 1972 
(379) 73, 70 

KJELDSEN and DAMGAARD 1968 (380) 7,3* 70 
KJELDSEN and DAMGAARD 1968 (414) 77., 74 
KJELDSEN and MOZES 1969 (3S1) 73, 69 
KLAUSEN,, RASMUSSEN,, GJELLEROD, MADSEN 
and PETERSEN 1968 (203) 46, 45; 

(292); 60, 56 

KLAVIS and SCHULZ 1966 (293) 60, 57 
KLEDECKI andWINIARSKI 1963 (247) 54, 52 
KLINGENMAILR, BEIIAR and SMITH 1969 
(A 30) 177, 

K LI NCI I OF FEll 1965 (A 677 ) 219 
KOBUTNICZKY 1966 (553) 101, 99 
KOCH' 1965 (A 31} 177 
KOKLSCII 1936 (29-1) 60, 57 
KOIIN-ABREST 1949 (124) 30, 29 

KOKAME and SHULER 1968 (A 817) 230 
KOLB 196S (623) 112, 111 
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KOLB 1968 (624) 112, 111; (A 505) 208 
KOMURA 1967 (539) 97, 96 
KONDRASUHNKO, G LA NTS and MACRO VICH 
1971 (A 818) 230 
KORNER 1965 (218) 49, 47 
KOSjMIDER, ZURKOWSKI' and WEGIEL 1965 
(A 111) 183 

KOSTLER, OTTO, RITTIG and POLSTER 

1967 (A 32) 177 

KOSTYUKOVA 1951 (248) 54, 52 
HOTTER, IlUCHi STOTZ and PUPER 1969 
(A 411) 203 

KRAL, CERNOCIIOVA and TUSL 1966 
(A 412) 203 

KRATOCIIVIL, WILKS and CERRARD 1957 
(485)i 91, 89 

KRATZ 1968 (A 564) 212 
KRETSER 1964 (A 697) 222 
KREUKNIET 1964 (A 413) 203 
KREUZER and CAMPAGNE I 965 (413a) 203 
KRISHMAN; KUPPUSWAMY, MANI and MAJID 
1971 (A 678) 219 

KROBER, LANGE, MATHIES and MOR 

1968 (A 565) 212 

KROBER, LANGE, MATHES and MOR 
1970 (A 566) 212 
KROETZ 1936 (295) 60, 56 
KROETZ 1936a (324) 64, 63 
KROETZ 1936b (325) 64, 63 
KRUG 1965 (A 506) 208 
KRUSMANN, SCHRODER and SCHRODER 
197,1 (A 33) 177 

KRUSZYNSKr and HENRIKSEN 1969 (125) • 

. ' 30, 28 

KUCHER and RIEDEL 1969 (A 819) 230 
KUNZ, DONDES and HARTECK 1970 (A 337) 
198 

KUNTZMAN, LEVIN, JACOBSON and 
CONNEY 1968 (A 567) 212 
KUPFER and WUNSCHER 1968 (512) 94, 93 
KUUOIWA 1967 (A679) 219 
KUROIWA, MURAO, HARUMI, KATAYAMA, 
YAMAMOTO, CHEN and UEDA 
1968 (249)' 54, 52 

KUROIWA, KATO and UMEZAKI 1968 
(540) 97, 96 

KUROIWA, SHIDA and KATO 1969 (A 507) 

208 

KUROIWA, SHIDA, NAGAMATSU, KATO and 
SANTA T 1967 (446) S3* 81 
KUTTNER 1968 (467) 86, 85 
LA CH NIT 1964 (A 634) 216 
LACOSTE 1971 (A 415) 203 
LACOSTE and ROUCH 1966 (A 414): 203 
LAMY andUfANQUET 1968 (A 820)' 230 
LAMY and HANQUET 1969 (A 821) 231 
LAMY and 1 NOIR FA LISE 1971 (A 680)' 219 
LANDAU, SMITH and LYNN 1969 (A 290) 

195 

LAN DA W 
LAN DAW 
LAN DAW, 
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1969 (A 222) 190 

1970 (A 223} 191 
CALLAHAN and SCHMID 


(A 112) 183 
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LANDAWand' WINCHELL 1966 (A 221) 190 
LANDAW and WINCHELL 1970 (A 224) 191 
LANG, SCHUSTER, UNOERN-STICRNHERG, HAUM> 
and KNOLLE 1969 (250) 54, 52 
LANGAUER-LEWICKA 1966 (A-508) 208 
LANGE, KASTNER and JUNG 3970 (A 568) 212 
LANGMANN 1964 (A 257) 192 
LANGMANN and KETTNER 1968 (A 291) 195 
LAPRESLE and FARDEAU 1966 (A 509* 208 
LAPRESLE and FARDEAU 1967 (A 510) 208 
LAPRLE and FARDEAU 1971 (A 511)208 
LARCAN, LANDES and VERT 1970 (583) 

106 

LARCAN, ROBERT, CA LA MAI and FREJAVI'LLE 
1967, (A 822) 2 31 

LARSON, HAAG and SILVETTE 1961 (16) 

9 , 7 

LARSON and SILVETTE 1968 (17} 9. 7 

LARSON,and SILVETTE 1971 (18) 9, 7 

LATALSKI and PAWLOWSKA 1969 (A 569) 212 

LATALSKIi and PAWLOWSKA 1970 (A 570) 212 

LAVERNE 1970 (486) 91, 88 

LAVERNE 1970 (A 755)' 226 

LAV/SON 1970 (A 416) 203 

LAWSON 1971 (A 113) 163 

LAWSON 1972. (A 417) 203 

LAWTHER and COMMINS 1970 (18a) 9, 7; 

( 155 ) 34 , 33 

LEAVELL and McINTYRE 1969 (625) 112, 111 
LEBRETON and GARAT 1964 (A 292) 195 
LeBRETON and, GARAT 1964 (A 681) 219 
LeBRETON and GARAT 1964 {A 682) 220 
LECLERQ 1970 (19) 10, 6 
. LEDINCIIAM 1964 (A 823) 231 
LEE 1966 (A 824) 231 
LEE and SCHRAUZER 1968 (A 598) 214 
LEE 1908 (126)i 30, 29 
LEHMANN 1968 (A 35) 178 
LEHMANN 1908 (127) 30, 27 

LEHMANN 1909 (128) 30, 28 
LEHR 1970 (A6S3)i 220 
LEONOWICZ 1967 (554) 101; 99 
LEUGHTENBERGER, LEUCHTENBERGER and 
WEISS 1965 (81). 22, 20 
LEVIN 1965, (A 756) 226 

LEVIN, ALVARESand KUNTZMAN 1970 (A 114) 

183 

LEVIN and KUNTZMAN 1969 (A 572) 212 
LEVIN and KUNTZMAN 1969 (A 571) 212 
LEWEY and DRABKIN 1944 (251) 54, 52 
LEWIS and BRINK 1966 (A 418) 203 
LEWIS 1967 (A 599) 214 ! 

LIGHTFOOT 1972 (A 17,6) 187 

LIKOFF, SEGAL and KASPARIAN 1967 (415) 

77 . 75 * 

LILIENTUAL 1950 (20) 10, 6 
LILIENTUAL and FUGITT 1946 (147) 83, 81 
LINCU and PFAFF 1971 (A 338)i 198 
LINDERIIOLM 1965 (A 36) 178 
LINDERHOM 1969 {A 225) 191 
LINDERIIOLM, SJOSTEAND and SOD ERST ROM, 

1966 (A 37) 17 8 

LINDQUIST 1970 (664) 115, 167 
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LINTON, ADAMS and LAWSON 1968 
(555) 101, 99 

LITMAN 1968 (A 635) 217 

L1TZNER 1936 (342) 67, 66 

LIZANETS and ZARKEVrCH 1971 (A 757)226 

LOGKSIHIN and BURIUS 1965 (A600) 215 

LO COCO 1970 (A 419) 203 

LOEPER, VARA Y and COTTET 1942 

(252) 1 54. 42 

LOGUE* ROSSE, SMITH, SALTZMAM 1 and 
CUTTERMAN 1971 (A 226) 191 
LOMONACO 1971 (A 177) 187 
LONG 1969 (626) 112, 111 
LONGO 1970 (584) 106, 102 
LONGO, POWER and FORSTER 1969 (586) 
106, 102 

LONGO, POWER and FORSTER 1967 (585) 
106, 102 

LOPEZ-MAJANO 1971 (A 420) 203 
LORENTE, VARELA and SEIJAS 1953 

(253) 54, 52 

LUDERITZ 1971 (182)' 40, 38; (A 293): 195 
LUNDEVALL 197,2 (A 705) 223 
LUOMANMAKI 1966 (A 167) 186 
LUOMANMAKT and COBURN 1969 (A 158) 

186 

LUSTMAN and GEERTS 1971 (254) 54. 52 
LYNCH and MOEDE 1972 (A 227) 191 
Mac FARLAND, ROUGIITON, HALPERrN and 
NIVEN 1944 (82)' 22, 21 
MACHATA 1968 (A 684) 220 
MACKINTOSH 1965 (A 512) 208 
MacQUARRIE and GIBSON 1971 (A 115) - 

183 

MAENO and FEIGELSON 1968 (A 601) 

215 

• MAGDALENO 1968 (A 178) 187 ■ 

MAHRLEIN 1967 (A 422) 203 
MAINARDI 1964 (255) 54, 52 
MAISELS, PATHAK, NELSON, NATHAN 
and SMITH 1971 (A 228) 191 
MALIK 1971 (A 636) 217 
MAMA TSASH VI'LI 1970 (607) 110; 108 
MANN 1965 (541) 97, 96 

MANSLEY, STANBURY and LEMBERG 1966 
(A 116) 1S3 

MANTELL 1964 (587) 106 
MANTZ and TEMPE 1968 (A 825) 231 
MANTZand TEMPE 1968 (A 826) 231 
MARANZANA 1964 (A 706) 22 3 
MARCELET 1907 (129) 30, 29 
MAR CM IA RO; MARGARIA, GAIDO and 
AQUARO 1964 (A 707) 223 
MARliand RJZZATTI 1964 (A 685) 220 
MARKIEWICZ 1966 (A 38) 178 
MARKIEWICZ 1967 (A 229) 191 
MARKIEWICZ 1970 (103) 26, 24 
MARKS and SWIECICKI 1971 (513) 

95, 93 

MARLAND'and BERSAY 197,2 (326) 6*1, 61 
MATSUYAMA 1969 (58S) 106, .102 
MATTHEW 1970 (A 758) 226 
MATTHEW 1970 (A 827) 2 31 
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MATTHEW 1971 (A 637) 217 

MATTHEW and PROUDFOOT 1965 { A 513} 

208 

MAIIOI! 1972 (A 193) 109 
MAUNDKRLY 1972 (A421) 203 
MAUIUIK 1941 (333) 67, 66 
MAURER 1941 (131) 80, 7 9 
MAUTNER 1955 (3S2) 73, 69 
MAWATARIS 1970 (514) 95, 93 
MAZALESKI, COLEMAN, DUNCAN and NAU 
1970 (A 573) 212 
McBay 1965 (A 686) 220 
' Me CONNELL, DEAL and OGATA 1969 
(A 117) 183 

McCREDIE and'JOSE 1967 (A 39): 17,8 
MeDOWELL 1971 (339): 193 
Me FARLAND 1952 (307) 9.11 SS 
MeFARLAND 1970 (338): S3, 81 
MeFARLAND 1971 (A 17,9) 187 
MeFARLAND, ROUGH ton; HALPER1N and 
NIVEN 1933 (139) S3, 81 
MeFEE, LA VIN E and SULLIVAN 1970 (A 330) 
198 

MeGRATIT and JAEGER 1971 (A 602) 215 
Me GRATM andiMOFFA 1972 (A 603) 215 

* McILVAINE, NELSON and BARTLETT 1969 

(SO) 16, 15; (156) 34, 33 
McMILLAN and COPE 1969 (A 194) 189 
McNALLY 1931 (A 687) 220 
MEDA 1964 (A 118)' 1S3 
' MEDVEDOWSKY, SACGO and BELZUNCE 
1965 (256) 54, 52 

MEIGS 1948 (52) 13, 14; (157) 34, 33 
MEIGS:and RYAN 1971 (607) 110, 108 
MELANDWSKI 1963 (350) S3, 82 
MEL'NICIIENKO 1968 (A 119) 183 
MENKES, SERA, ROGERS, HYDE, FORRESTER 

* and DuBOIS 1970 (A 423) 203 
MENZ 1966 (A 688) 220 
MERLI 1969 (A 180) 187 
MESOLELLA, PER BELLA, TESTA and 

MORELLI 1970 ( 468 ) 86, 85 
METCALFE, MALL, BARTELS, HHLPERT and 
PARE R: 1965 (589) 106 k 102 
MEYER, GROVER and WEIL 1972 (219) 49; 47 
MIHAI and WEBER 1964i (334) 67, 66 
MIKULPA 1970 (488) 91, 89 
MILLER 1966 (A 828): 231 
MILLS and EDWARDS 1968 (220) 49, 47 
MIRANDA, KONGPINSivI and LARSEN 1967 
(204): 46, 45 

MIRKIN 2966-(A 2-94) 195 

MISCHENKO and FRENKEL 1966 (515) 95, 93. 

MITCHELL and RENZETTI 1968 (A 424) 203 

MITTMAN 1967 (A 325) 203 

MIYAGISil! and HAYASHI 1968 (517) 95, 93 

MIYAGISIH and SUV/A 1969 (516) 95, 93 

MIYAIIARA and TAKAIIASHI 1971 (A 230) 191 

MOC, RIICKARD and MOSS 1969 (A 604) 215 

MOKllOV 1967 (A 341) 198 

MOLF1NO and ZANNINl 1963 (A S29) 2H 

MONACO 1963 (A 708) 223 

MONAIIl 1930 (296) 60, 57 
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MONTGOMERY and RUBIN 1971 (A 574 > 

213 

MOON and RICHARDS 1972 (A 120) 183 
'MOORE and FINESTONE 1968 (A 514) 208 
MORANDO and ROVIDA 1965 (183) 4 0, 38 
MORGANSTERN, ASH and LYNCH 1970 
(A 342) 19S 

MOROVTC 1968 (A 515) 208 
MORRIS 1969 (469) 86, 85 
MORRISON and IIORIE 1965 (A 121) 183 
MORROW 1967 (A 258) 192 
MOSINGER, BlSSCIIOPand LUCCIONI 1969 
(257) 54, 52 
MOSS 1969 (A 709) 22 3 
MOTLEY 1971 (52) 18, 15; (158) 35, 34 
MOTTA 1930 (258) 54, 52 

MOUNIER-KUHN, R-GCHE, MORGAN and BERNAL 
1968 (470) 86, 85 

MOUNTAIN; CASSELL, WOLTER MOUNTAIN, 
DIAMOND and McCARROLL 1968 (184) 

4, 37 

MOUREN, POINSO, JOUGLARD, GIUDICELLIS, 
FRESCO and D'OMEZON: 1972 (627) 

112 , 111 

MOUREU 1964 (185) 4, 38 
MULHAUSEN, ASTRUP and KJELDSEN 

1967 (382A) 73, 69 

MULHAUSEN, ASTRUP and MELLEMCAARD 

1968 (A 159) 186 

MULLER and HUNG 1968 (A 689) 220 
MULLER and VOIGT 1968 (416): 77, 74 
MUM POWER, LEWIS and TOUEY 1962 
(130): 31, 29 

MUROFUSCHI and MINAGAWA 1969 (A 690) 220, 
(A 516) 209 

MURPHY and MULCAHY 1971 (590) 106, 103 
MURPHY, LENG, ULRICH and DAVIS 1963 
(A 295) 195 

MURRAY 1971 (A 122) 183 
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NAGANO 1967 (A 123) 183 

NAGEL 1937 (297) 60. 57 

NAGEL and GILSON 1966 (A 121) 183 

NAGEL. GIBSON and HAMILTON 1971 (A 126) 183 

NAGEL. GIBSON and JENKINS 1971 (A 125)163 

NAHUM 1965 (665) 115. 168 

NAHUM 1968 <666) 115. 169 

NAHUM 1969 (667) 115. 170' 

NAIRN. POV/ERM HYDE. FORSTER, 

LAMBERT3EN and DICKSON 1965 {A 426) 205 
NAKAO 1969 (60S) 110, 109 
, NASH and BEEBE 1969 (628) 1)2, Ill 
•" NATIONAL ACADEMY OF SCIENCES AND 
NATIONAL ACADEMY OF ENGINEERING 
1969 ( 21 ) 10 , 7 

NATIONAL CLEARINGHOUSE FOR SMOKING 
AND HEALTH USPHS 1964 (22) 10, 8 
NATIONAL CLEARINGHOUSE FOR SMOKING 
AND HEALTH! USPHS 1967 (23) 10, 8; (635) 

114, 117 

NATIONAL CLEARINGHOUSE FOR SMOKING 
AND HEALTH USPHS 1968 (24) 10. 8;(636) 

114, 119 

NATIONAL CLEARINGHOUSE FOR SMOKING 
AND HEALTH USPHS 1969 (25) 10, 8; (637) 

114, 121 

NATIONAL CLEARINGHOUSE FOR SMOKING 
AND HEALTH USPHS 1971 (26)10, 8; (638) 

114, 123 

NATIONAL CLEARINGHOUSE FOR SMOKING 
. AND HEALTH USPHS 1972 (27)110, 8; (639) 

114, 128 

NATIONAL INSTITUTE FOR OCCUPATIONAL 
SAFETY AND HEALTH 1972 (28) 10, 7 
NAVRATIL 1956 (345) 67. 66 
NECAS and NEUWIRT 1971 (518) 95, 93 
NEV/SOME and KEITH 1965 (131) 31, 29 
NICOLAS and NICOLAS 1964 (556) 101, 99 
NIDEN; and SCHULZ 1965 (221) 49, 47 
NIEBROJ 1969 (451): 83, 82 
NIELSEN 1971 (489) 91, 8S. (A 759) 226 
NIELSEN 1971 (346) 67, 66 
NISHIGORI 1932 (347) 67,, 66 
NISHI1 1968 (A 296) 195 

NISSARDI; SANNA-RANDACCIOand SARNA 
196S (A 430): 204 

NISSARDI, SANNA-RANDACCIO, TORRAZZA 
and CASC1U 1965 (A 427): Z04> 

NISSARDI, SANNA-RANDACCIO, TORRAZZA 
and GARIEL 1965 (A 428). 204 
NISSARDI, TORRAZZA and ANEDQA 1967 
(A 429) 204 

NIZHEGORODOV and MARCHOZKY 1969 (A 575) 
213 

NOBEL and RICKER 1967 (A 40) 178 
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^ NORMAN, DOUGLAS and SMITH 1966 (222) 

49, 48 

NORMAN and LEDINGHAM 1967 (A 760) 226 
NORMAN; MacINTYRE, SHEARER and SMITH 
1970 (A 830) 231 
; NOUILHAT 1964 (A 761) 226 
OBERSTEG and DELAY 1966 (691) 220 
i O'DONNELL, CHIKOS and THEODORE 1971a 
(490) 91, 69 

j O'DONNELL and MIKULKA 1970 (492) 91. 89 
1 O'DONNELL, MIKULKA, HEINIG and 
THEODORE 1971b (491) 91. 89 
OETTEL 1967 (104) 26, 24 
; OGATA 1968 (A 495) 207 
OHARA 1968 (452) 83. 82 

OlIRESSER, CHASSON, JOUGLARD, GOUIN, 
DUBOULOZ and TASSY 1968 (A 831) 231 
OKALYI 1969 (A 181) 187 
OKICSON and D17ERTIE 1970 (223) 49, 47 
OKULOVSKI and HACHATUROV 1968 (A 76 2) 

227 

OKUMA, ISHINOi SUNAMI and MOTOIKE 
1968 (A 517) 209 

OKUNYEV and PROKHORENKO 1966 (519) 

95, 93 

OMURA and SATO 1964 (A 576) 213 

* OMURA, SATO, COOPER, ROSENTHAL and 
j • ESTABROOK 1965 (A 129) 184 

«OR IN I US 1968 (259) 54 
; OHIO LI and! CAT TANIA. 1965 (542) 97, 96 

• ORIZAGA and DUCHARME 1967 (383): 73, 69 
OSBORNE, ADAMEK and HOBBS 1956 (132) 

31, 29 

' OSKI, GOTTLIEB, MILLER and DELIVORIA- 

* PAPADOPOULOS 1970 (A 130) 184 
. OST ROW SKA 1967 (A 518) 209 

OSWALD 1966 (A519) 209 
! OTIS 1970 (417) 77, 75 

i OTSUKA, FUJUWARA, 1KAWA and HIRAYANLA 

• 1970 (133) 31, 29 1 

i OTSUKI, NINOMIYA, YAMAMOTO, NAKASHIMA, 
li SHUTARA, URAKAMI and ITAMI 1966 (A 763) 
j 227 

; OWEN:and REYNOLDS 1967 (134) 31, 28 _ 

j’ PAEZ 1970 (A 431) 204 

: PA LADE, MIHA1, GOILAV and SOVAREL J969 
i (A 5207 209 

PALMA-CARLOS,, PALMA-CARLOS and 
SOARES 1964 (A 41)178 
PALMA-CARLOS, PALMA-CARLOS and 
SOARES 1966 (A 231) 191 
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